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eliminates the cutting, threading, and 


ecessary With conventional duct or conduit. You'll see how easily this packaged 
an combination of cable and pliable, imper- 
vious metallic sheath installs. You’ll see 
why it cuts installation cost to a fraction 
of that required for conventional cable 
and duct. Then find out how much 
money today’s easiest-to-install cable 

.-L-X ly trained amy- meee 

is easily trained any- 


* here, in continuous, long C-L-X is available with plastic-jacketed 
seers sheaths of steel and with sheaths of 
aluminum, bronze, or copper — with or 
without plastic jacket. It’s the choice 
of chemical plants, oil refineries, paper 
mills, utilities, industrial plants — wher- 
ever severe environmental conditions 
ee” er sexist. Write today for your free, illus- 
aed ae eens trated beochare on C-I-X. 


trays or ladde ‘rs, or directly 
bi ne in the ground. 


WIRE & CABLE co. 
Cambridge, Massachusetts + Newington, N.H. 


How C-L-X is made. 
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THE COVER: The AIEE will move 
from the 55-year-old building 
on 39th Street in New York to 
the new United Engineering 
Center. The new address will 
be 345 East 47 Street, New 
York 17, N.Y., as of September 
5, 1961. The Institute will oc- 
cupy the ninth, tenth, and 
eleventh floors of the new 
building, as indicated by the 
white outlines on the cover 
photograph, which was made 
in late July. The United Engi- 
neering Center fronts on United 
Nations Plaza and extends 
westward along 47th and 48th 
Streets. 
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New Bourns Precision Potentiometer 


NUMBER 18—NEW PRODUCT SERIES 


Resolves the Quality-Price Dilemma! 


ability in a competitively-priced industrial 
irns wirewound 10-turn Model 3500 meas 
long—shorter by 1)" than units 
> longer 


Here is military 
otentiometer. B 
s just 7 n diameter by 1 
ble yet has a resistance element 20° 
f comparable potentiometers 


where 


tary requirements for steady-state humidity 
also be provided at a 10% premium to meet 
dity specs of MIL-STD-202, Method 106. It's 
r tentiometer guaranteed to meet this spec 
teristics incorporate wide safety margins 


f 
nce is provided by the exclusive Bourns Silver 


ween terminal and resistance wire. Virtually inde 
r thermal or mechanical stress, this termination 


eliminates a chief cause of potentiometer failure. In addition. 
a special close-tolerance rotor almost completely does away 
with backlash. 


Model 3500 is also subjected to the rigorous double-check of 
Bourns’ exclusive Reliability Assurance Program. In short, every 
possible step is taken to ensure that the performance you spe 
cify is the performance you get. Write for complete data 


5002 to 125K, +3% 
0.25% std. 

Power rating 2w at 70°C 

Operating temp. -65° to +125°C 

Mech. life 2,000,000 shaft revolutions 


Resistances std. (to 250K spl.) 


Linearity 


1 BOURNS 


>. 


BOURNS NC 


TRIMPOT Division 
6135 MAGNOLIA AVE RIVERSIDE 


CALIF 
PHONE: OVERLAND 4-170¢ Ww RZE222 
CABLE: BOURNSINC 


Manufacturer: Trimpot® potentiometers; transducers for position, pressure, acceleration. Plants: Riverside, California; Ames, lowa; and Toronto, Canada 
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Electrical Protection 
goes MODERN 
with BUSS Fuses... 


in Al-Electric Sch 


Electricity heats, lights, pumps water, 
cooks and operates all motor driven 
equipment in the West Utica and the 
Ewell Elementary Schools. No other 


utility service is used except the telephone. 


The complete use of electrical energy 
puts special emphasis on the need to use 
the safest, most modern protective de- 


vices throughout the electrical system. 


In each school, the main switchboard 
is protected by 3—1600 ampere BUSS 
Hi-Cap fuses having an interrupting 
rating of 200,000 amps. rms symmetrical. 
Thus, safe interruption of fault currents 
now available is assured,—and the fuses 
are adequately safe to allow for future 
system growth. 


Utica Michigan 


If a high fault current should occur, 
the fast opening characteristics of BUSS 
Hi-Cap fuses further protect the circuits 
and equipment against damage by re- 
Sstricting let-thru fault currents to safe 
value. 

Feeder and branch circuit protection 

To provide the safest short-circuit and 
overload protection ...and to prevent 
needless outages,—-FUSETRON dual- 
element fuses are used in the feeders and 
branch circuits of these schools. 


For modern, all-purpose protection of 
circuits up to 600 amps., FUSETRON 
fuses cannot be equalled. They have 
100,000 amp. interrupting capacity,— 
and sufficient time-lag to hold harmless 
overloads, 


For more information on 


FUSETRON dual-element fuses 
... write for bulletin FIS 


BUSS Hi-Cap fuses 
«+. write for bulletin HCS 


BUSSMANN MFG. DIVISION, McGraw-Edison Co. St. Louis 7, Mo. 
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EWELL ELEMENTARY SCHOOL 


Architects— 
SMITH & SMITH /ASSOCIATES 
Royal Oak, Michigan 

Consulting Engineers— 
B.A. KING & ASSOCIATES, INC, 
Birmingham, Michigan 

Electrical Contractors— 
SCHEPER’S ELECTRIC CO. 
Utica, Michigan 


General Contractors— 
Ewell Elementary School 
GILBERT & KERNER 
Utica, Michigan 


West Utica School 
CHISSUS CONSTRUCTION CO, 
Birmingham, Michigan 
Switchboards protected 
by BUSS Hi-Cap and 
FUSETRON dual-element fuses. 
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CUTLER-HAMMER QUALITY 3-STAR MOTOR STARTERS AVAILABLE IN 10 SIZES, 00 THROUGH 8 
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CUTLER-HAMMER MOTOR STARTERS 


Still the proven standard 
of quality...always in stock 
for immediate delivery 


Millions of satisfactory operations in thou- 
sands of applications have proved the un- 
matched quality of Cutler-Hammer across- 
the-line magnetic starters. That this line 
is still recognized as the leader —nine years 
after the original design was developed— 
is a great tribute to the years-ahead think- 
ing of Cutler-Hammer engineers. 


FIRST IN ’53—STILL THE LEADER IN ’61 


Since the Three Star line was introduced in 
1953, many improvements have been made; 
magnet coils that far exceed NEMA stand- 
ards, for example. But many achievements 
of the original design—vertical, dust-free 
contacts; overload relays adjustable to with- 
in 3% of actual full-motor ratings; provision 
for 2 or 3-coil overload relays in the same 
enclosure—are features no other manufac- 
turer has been able to improve. You can 
safely bet that when these pace-setting fea- 
tures are improved, it’ll be another Cutler- 
Hammer development. 


WHAT'S NEW? ASK.. 


CUTLER-HAMMER 


ALWAYS AVAILABLE FOR FAST DELIVERY 


You'll find the smaller sizes of Cutler- 
Hammer Starters always in stock at your 
local distributors—larger sizes immediately 
available from the factory. We hope you'll 
make your own feature-by-feature com- 
parison between the Cutler-Hammer line 
and any other starter on the market. Look 
especially carefully at such vital advantages 
as ease of installation, high interrupting ca- 
pacity, coil construction and accessibility. 

Regardless of what features you select as 
the criterion of superiority, we’re sure you'll 
choose Cutler-Hammer after you’ve made 
your unbiased comparison. 

If you’re one of many companies being 
forced to stock two sets of parts because of 
design changes, now is an excellent time to 
standardize on Cutler-Hammer. 

Call your distributor or local Cutler- 
Hammer Sales Office soon. Or write for 
Publication LO-70-S228. 


| oe! 


Cutler-Hammer Inc., Milwaukee, Wisconsin e Division: Airborne Instruments Laboratory e Subsidiary: Cutier- 
Hammer international, C. A. « Associates: Cutier-Hammer Canada, Ltd.; Cutier-Hammer Mexicana. S. A. 
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New and Improved Products... 


Direct-Reading Torque Meter .. . 


Comparison of relative torque val 
ues of ball bearings can be accom 
plished economically with a new low 
range, direct-reading Torqmeter. Full 


scale ranges tor the instrument are lI, 


ind 5 gram-centimeters. Static and 


S10 torques ire id directly 


lorques 
ver 10 rpm are read with the aid of a 
ronized with the dial 

pip” coil mounted on 
trument Powe Instruments, 


ae ndale Ave., Skokie, 


and Harness Tester... 


multaneous continuity 

testing of as many as 

na planned sequence IS 

possibl t series 70/] cable and 
harness test The new unit makes 
continuit ts ta maximum current 
of 500 eptance limit is adjust 
able between | and 5 ohms. Breakdown 
test volta of 500. 1.000. 1.250. 1.500. 


2? OOO available. Units 


ind 2.500) are 
ire quickly programmed by simple ad 
justment of built-in program switches 
and may be used singly, or in banks 
for the testing of cables, harnesses, cit 
cuit’ boards 


relays, switch panels and 


he like. § Co., Piqua, Ohio. 


Gas Cell Clock... 


\ timepiece that provides a stable 


frequency source comparable to a clock 
that varies only one second in 300 vears 
operates on a virtually indestructible 


ras cell and uses little 


power. Fre 
quency is activated when a light beam 
1S passed throug! the gas cell to pro 
vide a difference in the energy states of 


the atoms of rubidium. Transition 
from one state to another provides the 
microwave reference on which the de 
vice depends for its stability and func 
tion as a time-measuring mstrument. 


FMA, Inc., El Segundo, Calif 


SA 


1,000-Fahrenheit Wire... 


Motors that run while they glow in 
the dark and relays that function prop- 
erly in the heart of a flame are among 
the several extreme-heat applications 
made possible with this latest develop- 
ment. Reliable and practical, the new 
ceramic insulated flexible magnet wire 
will withstand heated areas of 1,000 
degrees F. General Cable Corp., 730 
Third Ave., New York 17, N. Y. 


Synchronous Timer Motor .. . 


\ new method of sealing all moving 
parts in oil to achieve noiseless and 
virtually life-time continuous operation 
is effected by a = specially designed 
spring-loaded packing gland that pre 
vents oil from working out of the hous 
ing. Key element of the packing gland 
is a neoprene O-ring held under con- 
stant pressure by a spring. Controls Co. 
of Imerica, 110 West Woodsteck, 


Crystal Lake, Ill. 


Miniature TV Camera... 


Only 9 inches long and less than 
3 inches in diameter, a new closed-cir- 
cuit television camera is now available. 
The Minicamera is small enough to 
scan the interior of a 3-inch pipe. The 
without 


camera will operate special 


protection in environments where 


there is considerable noise or vibra- 


tion. The casing is strongly built to 
withstand heavy industrial use; it does 
not require ventilation holes and _ is 


therefore protected against dust. Re- 


mote-control facilities for zoom lens, 
focus, iris, pan and tilt and a_ full 
range of accessories are available. Fair- 
banks, Morse & Co., 100 Electra Lane, 


E. Station, Yonkers, N. } 


New and Improved Products 


Power Circuit Breakers .. . 


Higher interrupting capacities and 
continuous-current ratings of the new 
FP line of power circuit breakers offer 
increased economy and dependability. 
The new line is divided into two 


groups: the FP-50 series consists of 


three increased frame-size breakers 
based on continuous current ratings of 
100, 800, and 2,000 
50,000-amp asymmetrical interrupting 
The FP-100 series 
100,000- 


amp asymmetrical interrupting capac 


amperes with 


capacity at 600 vac. 
offers two frame sizes with 


ity in continuous-current ratings of 
3,000, and 4,000 amp at 600 vac. A new 
fast-acting stored-energy mechanism in- 
sures constant quick make of breaker 
contacts. Other features include easy 
field adjustment of the series trip coil 
and magnet assembly and the TD tim- 
ing device; long-life contacts; versatile 
enclosures; telescoping rollout and an 
integral flush-mounted power hoist. 
Federal Pacific Electric Co., 50 Parts 
St., Newark, N. J. 


Ground Detector and Alarm... 


Immediate detection of accidental 
grounds on power lines is provided by 
a new ground detector and alarm. 
When the instrument is wired to a 
power system, 3-phase indicator lamps 
on the face glow with equal intensity. 
\s a ground occurs, one of the lamps 
dims or goes out, indicating on which 
phase the ground has occurred. Simul- 
taneously a red warning lamp flashes 
steadily and a relay actuates an audible 
signal connected to the instrument. 
The warning flash and audible signal 
continue until a reset button is pushed. 
Ihe red lamp glows until the ground 
is cleared. ‘The 3-phase indicator lamps 
their normal uniform 
brightness. Parr Mfg. Corp., 40 Austin 


St., Newark, N. J. 


then resume 


(Continued on page 20A) 
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At Brookhaven National Laboratory... 


30 Billion Atom-Smashing Volts Keep On 


Target With Help Of A Sel-Rex Rectifier! 


Promising to unlock the innermost secrets of the atom, 
the world’s largest high-voltage proton accelerator cir- 
cles underground—hidden from the casual observer 
beneath ten feet of earth and a carpet of new grass. 
Named the Alternating Gradient Synchrotron, or AGS, 
the high voltage atom smasher is the pride of the famous 
Brookhaven National Laboratory, Upton, N. Y., home 
of many major achievements in atomic research. 
Completed last year, the Accelerator sends pulses of 
high energy protons hurtling around a circular, half-mile 
course. This proton thrust steps up in speed and voltage 
as it circles counterclockwise along its track. 

At the end of the high.speed run, its protons are travel- 
ing at close to the speed of light. This surging force of 
30 Billion Electron Volts, directed into a target building, 
is used experimentally to learn further secrets of the 
atom... to find new particles of matter. 


At the heart of Brookhaven’s AGS is a series of powerful 
electro-magnets which bend and focus the circling 
stream of protons. The vital focusing magnets which 
aim the high power proton force at the end of its trip 
are powered by D.C. current from a Sel-Rex silicon rec- 
tifier. The rectifier helps focus the shattering 30 Bev 
force precisely on target with essential reliability. 
Just one of the thousands of important jobs Sel-Rex 
rectifiers are called upon to do in leading plants and 
laboratories, the Brookhaven application is one in which 
exacting standards were demanded—and met, as a mat- 
ter of course! 

And for your special current needs—for reliable, con- 
tinuous conversion of A.C. to D.C.—choose Sel-Rex, 
the industry-proved rectifiers that more than pay for 
themselves in unequalled dependability and mainte- 
nance-free service. 


Send for Free “GUIDE” to Industrial Rectifier Equipment 


SINCE 


THE MEAKER COMPANY 


SUBSIDIARY OF aS@ARbe. SEL-REX CORPORATION 


Nutley 10, New Jersey 


Factories and Offices Chicago 50, Ill., Los Angeles, Cal. and Nutley 10, N. J. 


Representatives in principal cities. 
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Complete Semi-Conductor Power Conversion Equipment and Systems for any AC to DC Application 
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DOING TWO JOBS AT ONCE—Burying Okolite insulated 15kv under- 


ground cable at the same time water pipes were laid,cut installation cost 


for The Mead Corporation 
once this system is completed. 


Naturally, cable failure can not be tolerated 


E 


THE FINAL QUALITY TOUCH—Using Okonite “C 
a workman completes the job at the termination. Okonite quality splicing 


“ 


materials make splices and terminations as reliable as the cable. 


THE MEAD CORPORATION USES OKOLITE CABLE FOR... 


The MAXIMUM in circuit security 
The Wulitiicd in long-term cost 


The Mead Corporation, one of the world’s 
largest paper manufacturers, has used 
Okolite insulated cables for many years. 
The expanding Okolite cable system at their 
main mill in Chillicothe, Ohio opens the 
way to greater production capacities to 
handle an increasing market demand for 
Mead paper products. 

There are many unique factors about the 
Chillicothe mill. To begin with, the plant is 


completely dependent on well water for its 


operation. Any failure in the pumping equip- 
ment means an immediate shutdown. To 
secure the maximum in Circuit security and 
to obtain installation economies, the cable 
was buried at the same time new water pipes 
were being laid. Okolite-insulated cables— 
a 15kv cable for a 214 mile main circuit and 
Skv Okolite cable for two feeders linking 
transformers and pumping stations—helps 
to assure the trouble-free service so neces- 
sary for Mead. 


*Cable'ability. .. cable craftsmanship since 1878 


The Okolite insulated cables installed at 
Mead were manufactured by the strip proc- 
ess to guarantee perfectly centered conduc- 
tors and years of optimum circuit security. 
Find out what Okonite Cable’bility* can 
mean in reducing the long-term cost of your 
own vital installations. For complete de- 
tails write for Bulletin EG-1085, The Okonite 
Company, Subsidiary of Kennecott Copper 
Corporation, Passaic, N. J. 


where there’s electrical power . . . there’s OoKON ITE CABLE 





8379 





able-Matched”’ tape... 








Arnold Pulse Transformer 


Cores are individually tested 





under actual pulse conditions 





Here’s 
technical data on 


ARNOLD 
SILECTRON 
CORES 


Bulletin SC-107 A 

... this newly- 

reprinted 52-page 

bulletin contains 

design information on Arnold Tape Cores wound 
from Silectron (grain-oriented silicon steel). It 
includes data on cut C and E cores, and uncut 
toroids and rectangular shapes. Sizes range from 
a fraction of an ounce to more than a hundred 
pounds, in standard tape thicknesses of 1, 2, 4 
and 12 mils. 


Cores are listed In the order of their power- 
handling capacity, to permit easier selection to fit 
your requirements, and curves showing the effect 
of impregnation on core material properties are 
included. A valuable addition to your engineering 
files—write for your copy today. 


ADDRESS DEPT. EL-9 


SEPTEMBER 1961 


The inset photograph above illus- 
strates a special Arnold advantage: a 
10-megawatt pulse-testing installa- 
tion which enables us to test-prove 
pulse cores to an extent unequalled 
elsewhere in the industry. 

For example, Arnold 1 mil Silectron 
“C” cores—supplied with a guaran- 
teed minimum pulse permeability of 
300—are tested at 0.25 microseconds, 
1000 pulses per second, at a peak flux 
density of 2500 gausses. The 2 mil 
cores, with a guaranteed minimum 
pulse permeability of 600, receive 
standard tests at 2 microseconds, 400 
pulses per second, at a peak flux 


density of 10,000 gausses. 

The test equipment has a variable 
range which may enable us to make 
special tests duplicating the actual 
Operating conditions of the trans- 
former. The pulser permits tests at 
05, .25, 2.0 and 10.0 microsecond 
pulse duration, at repetition rates 
varying anywhere from 50 to 1000 
pulses per second. 

This is just another of Arnold’s 
facilities for better service on mag- 
netic materials of all description. 
@ Let us supply your. requirements. 
The Arnold Engineering Company, 
Main Office & Plant, Marengo, Il. 


RNOLD 


SPECIALISTS In MAGNETIC MATERIALS 





BRANCH OFFICES and REPRESENTATIVES in PRINCIPAL CITIES 
Find them FAST in the YELLOW PAGES 
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Want to find the coefficients? It’s easy with the 
new Regression Analysis program for the IBM 1620 


Here’s another program offered free-of- 
charge to users of the IBM 1620 Data Proc- 
essing System. It gives you the kind of 
results you might expect only from a much 
more expensive computer. But users of the 
1620 know that its low rental cost is decep- 
tive. The 1620 packs more computing power 
per cubic inch than any other computer in its 
size range. 

The Regression Analysis program is a 
good example. Suppose you want a fit for 
production purposes. If you employ more 
than two variables you probably have diffi- 
culty visualizing the representation of your 
data. If linearity is not the case, you must 
often guess blindly at a polynomial of high 
degree, accept or reject the fit with some- 


thing approaching a sixth sense, and either 
try again or settle for the results you have. 

The new Regression Analysis program lets 
you handle expressions containing up to 24 
variables. If you have the even more com- 
plicated task of handling many dependent 
variables, the program will generate regres- 
sion coefficients with a maximum number of 
dependent variables not exceeding one-half 
the number of independent variables. 

This program will also fit non-linear func- 
tions and hyper-surfaces. Compare this per- 
formance with that of any other computer in 
the 1620’s price range. 

A basic 1620 installation rents for just 
$1600 per month. For details, contact your 
local IBM Representative. 


a 


IBM's 1620 is a compact 
desk-size computer. 


DATA PROCESSING 





Anaconda 


Strip-copper coils 


cut size and weight 


Strip-copper coils cut the size and weight of 
electrical equipment ranging from watt-hour 
meters using relatively small coils to pole- 
mounted distribution transformers rated up to 
500 Kva. In many instances operating char- 
acteristics can be improved as well. 


Anaconda is now supplying high-quality 
copper strip for such uses. The quality of the 
copper has been extended to the finish, the 
edge, the packaging and handling. It is de- 
burred, carefully packaged to prevent edge 
damage, and made available in a wide range of 
thicknesses and widths to satisfy all needs. 


Whatever your use of coils, whatever size 
and capacity you wind, Anaconda copper strip 
promises economies in size and weight. 


Technical Assistance in the application of 
Anaconda strip copper to your coil design 
problems is available from the Metallurgical 
Dept. Address: Anaconda American Brass Co., 
Waterbury 20, Conn. In Canada: Anaconda 


American Brass Ltd., New Toronto, Ontario. 
61-915 


AMERICAN BRASS COMPANY 
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RUSTABLE STRAND GETS WEAKER— 
ALUMOWELD STRAND KEEPS ITS STRENGTH 


When you buy strand you want the 
strength you specify—and you want that 
strength to last. So why waste good money 
on ordinary strand that can’t resist corro- 
sion—that starts to rust away and weaken 
after you install it. Unlike rustable strand, 
Alumoweld’s initial strength remains per- 
manent year after year. 

With its thick covering of aluminum— 
25% by area—permanently welded to a 
strong steel core, Alumoweld gives you 
the same high resistance to corrosion as 
solid aluminum. It’s made by the exclusive 
atomic-welding process in which the duc- 
tile weld remains permanent under all 
operating conditions. Corrosive elements 
can’t reach the steel core because of the 


durable protection of the thick aluminum 
covering. 

Diameter for diameter, Alumoweld 
Strand has the same strength as extra- 
high-tensile steel—yet, it weighs less and 
is easier to install. Its initial cost is sur- 
prisingly low. In fact, because it will stay 
up far longer, Alumoweld Strand will actu- 
ally cost less as the years go by. 

Alumoweld Strand gives you perform- 
ance where it counts—on the job! Send 
for Engineering Bulletin E. D. 3000 and 
get the full story on Alumoweld’s impor- 
tant, money-saving advantages. You’ll 
see why Alumoweld Strand is preferred by 
so many efficiency-minded, cost-conscious 
companies. 


Supplies of Alumoweld Strand are available for immediate shipment from 
our warehouses in New York, Chicago, Pittsburgh and Memphis. 


COPPERWELD STEEL COMPANY wire ano caste pivision Glassport, Pa. 


For Export: COPPERWELD STEEL INTERNATIONAL COMPANY, New York 
Canadian Distributor: NORTHERN ELECTRIC COMPANY LIMITED 


LOADED with extra value 





He adds life to bushings 


Who can predict how much rough pression and follows with uniform force the 
treatment this bushing may receive dur- expansion and contraction caused by changes in 
ing its life? Shock loads from circuit equipment temperature. 

breaker operation, heavy cantilever 


: O-B employs long coil spring assemblies in all 
loads, rough handling during shipment - - the bush- 


voltage classes from 15-kv through 460-kv. To 

get the many advantages of these bushings, ask 
O-B puts long coil springs in the bushing assem- your apparatus builder to supply “O-B”. 

bly to make sure each joint remains oil-tight 

even under severe service conditions. Shock loads 

fall on a sealing system that is capable of com- 


plete recovery. 


ing must be ready to take them all. 


OHIO BRASS COMPANY, MANSFIELD, OHIO 


These springs, installed in the bushing reser- 
voir, exert a uniform load on each gasketed joint 
between porcelain and metal parts. This spring 
pressure also compensates fully for the inevitable 
: - F N INSULATORS + LINE HARDWARE + CAPACITORS + LIGHTNING ARRESTERS 
small loss of gasket volume under sustained com- NGS - HOLAN TRUCK- MOUNTED POWER DEVICES AND BODIES - BRONZE VALVES 
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SMALLER SIZE 


with the new 
Allen-Bradley 


Bulletin 709 Starters 


14-61-RM 


Member of NEMA 





OLD SIZE 
4 


A GOOD EXAMPLE 


The new revolutionary Bulletin 709 motor starters are surprisingly 
small in size—yet, they are good for many more millions of opera- 
tions—without trouble or maintenance! Rating for rating, they have 
no equal. They are today’s best starter value— and they costno more! 


The “Quality” you’ve come to expect in all Allen-Bradley con- 
trol is represented in all details—especially in the “‘eye appealing” 
enclosures styled by the world famous industrial designer, Brooks 
Stevens. Write today for details of the new Bulletin 709 line—the 
greatest advance in motor control in 30 years: Allen-Bradley Co., 
1316 South Second Street, Milwaukee 4, Wisconsin. 











Your A-B Handy 
Catalog Lists These 
Control Devices 
Often Considered 
“Special” 


BULLETIN 840 

Float Switches 

These quality switches 
are available in a wide 
range of types for auto- 
matic control of motors 
operating tank or sump 
pumps. The snap-action 
switch mechanism as- 
sures positive operation, 
no matter how slowly the 
liquid level changes. 


> 


pe 
Not 


BULLETIN 805 

Foot Switches 

Ruggedly built to with- 
stand the most severe 
industrial usage. Snap- 
action switch mechanism 
features maintenance 
free silver contacts. The 
foot switch shown above 
assures complete 
“safety”? for the opera- 
tor. Also made without 
top guard. 





BULLETIN 1270 
Automatic Transfer 
Switches 


These switches are de- 
signed to transfer power- 
load to standby supply 
when normal power fails 
or drops too low. Auto- 
matically returns load to 
normal supply when 
power is resumed. Me- 
chanically interlocked. 


BULLETIN 836 
Pressure Controls 


For machine tool hy- 
draulic systems oper- 
ating at pressures up to 
5000 psi. Oiltight enclo- 
sure. Operating pressure 
and differential are ad- 
justable. A visible indi- 
cator shows trip point. 
Maintenance free silver 
contacts. 





BULLETIN 812 
Phase Failure—Phase 
Reversal Relays 


Style F relay (above) 
protects against all open 
phase conditions on a 
branch motor circuit. 
Style R disconnects the 
motor upon a phase re- 
versal. Style RF gives 
phase failure and phase 
reversal protection. 


PUL ULeeeet 


BULLETIN 555 
Speed Regulators 


Provide manual speed 
control of wound rotor 
motors for either fan or 
machine duty. When 
used with magnetic 
starter, the first step 
closes control circuit. 


BULLETIN 803 
Rotating Cam 
Limit Switches 


Heavy-duty controls for 
use on automatic produc- 
tion machines. Made 
with up to 12 independ- 
ent circuits which can 
be separately adjusted 
for operation at any 
point of rotation. 


BULLETIN 1232 
Pump Control Panels 


Complete units for auto- 
matic operation of irri- 
gation and oil well 
pumps. Employ stand- 
ard A-B Bulletin 709 
magnetic starter with 
manual disconnect 
switch or circuit breaker 
in weatherproof enclo- 
sure. Wide variety of op- 
tional features available. 


BULLETIN 365 
Multi-Speed 
Drum Switches 


Designed for manual 
starting, speed changing, 
and reversing of poly- 
phase multi-speed 
motors. Made for up to 
four speeds either non- 
reversing or reversing. 








Pi 


ae 


More than 450,000 pounds of thrust lifts the U. S. Army’s Nike Zeus missile skyward in a cloud of vapor. The Nike Zeus missile being developed for the project by the 
Douglas Aircraft Company will be designed to intercept ballistic missiles traveling over 15,000 miles per hour, and destroy them at a safe distance from the defended area. 


How do you stop an ICBM? 


How do you detect, track, intercept—and destroy within 
minutes—an ICBM that is moving through outer space ten 
times faster than a bullet? 


Bell Telephone Laboratories may have designed the 
answer: Nike Zeus, a fully automated system designed to 
intercept and destroy all types of ballistic missiles—not only 
ICBM’s but also IRBM’s launched from land, sea or air. 
The system is now under development for the Army 
Ordnance Missile Command. 


Radically new radar techniques are being developed 
for Nike Zeus. There will be an acquisition radar designed 
to detect the invading missile at great distances. And a 
discrimination radar designed to distinguish actual war- 


heads from harmless decoys that may be included to confuse 
our defenses. 


The system tracks the ICBM or IRBM, then launches 
and tracks the Nike Zeus missile and automatically steers 
it all the way to intercept the target. The entire engage- 
ment, from detection to destruction, would take place within 
minutes and would span hundreds of miles. 


Under a prime Army Ordnance contract with the 
Western Electric Company, Bell Laboratories is charged 
with the development of the entire Nike Zeus system, with 
assistance from many subcontractors. It is another ex- 
ample of the cooperation between Bell Laboratories and 
Western Electric for the defense of America. 


BELL TELEPHONE LABORATORIES Be) 


World center of communications research and development 
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MEARS low-voltage circuit breakers... 








Designed for 


modern College Buildings 


Portland State College’s new 11% million dollar ‘College Center” addition 
is completely up-to-date with a Mears 3000 A Fused Circuit Breaker. 
Architect: Lawrence, Tucker & Wallmann, Portland, Oregon. Electrical 
Engineer: Grant Kelley & Associates, Portland, Oregon. Electrical Con- 
tractor: Lord Electric Company, Inc., Portland, Oregon. Mears Repre- 
sentative: H. G. Lehi, Oswego, Oregon. 


MEARS new 3000 ampere fused breaker selected 
for its ECONOMY and COMPACTNESS in the 
new Portland State ‘‘College Center.” 


Low cost and space-saving size were factors that resulted in 
choosing Mears for this modern student union center. Mears 
proven dependability with a high interrupting capacity guarantees 
smooth operation of the “Center's” bowling alley, barber shop, 
cafeteria, ballroom, etc. For today’s modern college buildings 
—or any other type installations—Mears is the breaker to name. 


MEARS-ENGINEERED breakers are 
offered in FIXED SWITCHBOARD, 
PLUG-IN and DRAWOUT mountings. 


MEARS-ENGINEERED breakers are 
compact, economical and designed for 
reliability under the most severe oper- 
ating conditions. 


MEARS-ENGINEERED breakers are 
manually or electrically operated, in 600 
through 4000 ampere frame sizes. 


Call the “MAN FROM MEARS" in your area... or write to de- 
partment EE-9 for your Free Copy of the Mears Catalog de- 
scribing low voltage air and fused circuit breakers. 


PAEARS CONTROLS 1... 
13725 S. W. Millikan Way + Beaverton, Oregon 


mention ELECTRICAL ENGINEERING when writing to 





(Continued from page 8A) 


Time Totalizer ... 


Small, inexpensive, and trouble- 
free, this device will be useful in pre- 
ventive maintenance of defense elec- 
tronic gear, machinery warranty, rental 
timing, life tests, and other intermit- 
tent timing applications. Functionally 
a mercury coulometer, it is operated by 
an integral electric network which com. 
pensates for temperature difference 
and voltage supply variations. Avail- 
able in two basic models for a-c or d- 
operations, both are designed for full- 
scale range of 1,000 hours. American 
Machine & Foundry Co., AMF Build- 
ing, 261 Madison Ave., New York 16, 
N. Y. 


500-Kva Substations ... 


These new package unit substations 
combine compact size and easy han- 
dling with capacities from 75 to 500 
kva, 3-phase, and primary voltages up 
to 4,800 volts, secondary to 600 volts. 


i] 





\ forced-air cooling system with high- 
temperature alarm can increase capac- 
ity by one third. Metering equipment, 
high-voltage air interrupter switches, 
OMB motor starters, main low-voltage 
power circuit breakers, molded case 
feeder breakers and QMB fusible 
feeder switches are also available. 
Square D Co., Mercer Road, Lexing 
ton, Ky. 


Power Supply... 


\ new circuit concept used in this 
transistorized power supply provides 
precision regulation of + (0.01%, plus 
1 millivolt) and reduced ripple of 0.5 
millivolts rms. The QCR 36-30 also fea- 
tures a continuously adjustable output 
from zero to 36 volts. Other features 
include remote control programming 
and a provision for constant-current 
operation. Load protection is provided 
by input-output fusing and an_ elec- 
tronic circuit breaker with a trip point 
adjustable from the front panel. Soren- 
son Products, Richards Ave., South Nor- 
walk, Conn, 

(Continued on page 22A) 
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IN CLASS F POLYESTER MAGNET WIRE, SPECIFY ANATHERM-D FOR IMPROVED 
HEAT SHOCK RESISTANCE, VARNISHABILITY AND UNEXCELLED WINDABILITY 


Anaconda has made important improvements in the 
heat shock resistance, windability, and solvent resistance 
of ordinary polyester magnet wire. The result is 
Anatherm-D, a Class F magnet wire with high thermal 
stability (155C) # High abrasion resistance = Excellent 
flexibility # High dielectric strength # Superior heat 
shock resistance # Unexcelled windability = 


IDEAL FOR ARMATURES AND FIELD WIND- 
INGS. These improvements over standard polyester 
wires make Anatherm-D an outstanding choice for motor 
armatures and field windings, random- and precision- 
wound coils, specialty windings requiring high temper- 
ature resistance, and encapsulated coils. 

2-FILM CONSTRUCTION MAKES THE DIFFER- 
ENCE. The improved performance of Anatherm-D 
results from its two-film construction: an overcoat of 
special terephthalate polyester applied over a base film 
of Anatherm (the industry's first Class F film-coated 
magnet wire). The outer film contributes outstanding 
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windability and protection against heat shock and 
mechanical stress. 


CONFORMS TO NEMA AND MIL SPECS. Ana- 
therm-D magnet wire meets all requirements of Spec 
MIL-W-583B for Class 155 Types L, L2, L3, and L4. 
It’s available in all sizes of round, square and rectan- 
gular, with single, heavy, triple ie quadruple film 
additions, all conforming with NEMA specifications. 
Anatherm-D is available in all standard Anaconda pack- 
ages: spools, pails, reels and drums. For prices, technical 
data and application information contact Anaconda 
Wire & Cable Company, 25 Broadway, New York 4, 
New York, Department EFL-1-EE. 6137 


ASK THE MAN FROM 


ANACONDA 


FOR ANATHERM-D CLASS F POLYESTER MAGNET WIRE 
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Howard Shotzer, Keorney field engineer, checking 
on Air Interrupter Switch before shipment. 


Air Interrupters in 
a complete 
cubicle installation 


Specify KEARNEY... 
for safe AUTO: SPEED interruption 


in metal-enclosed switchgear 


What is Auto-speed interruption? ... An automatically 
produced interruption that always occurs at the same point 
in the switching operation, and always takes the same time 
(one-half cycle). Human error is eliminated from the switch- 
ing action by a trigger spring mechanism which trips the 
switch at a pre-set point. Contacts are separated inside a 
dry type interrupter unit. 


Specify safety for personnel and equipment. No ex- 
posed Arc. Kearney Air Interrupter Switches will not pro- 
duce external arcing dangerous to men or equipment. 


Specify economy. Costing less than circuit breakers and 
with interrupting capacity not found in air break discon- 
nects, Kearney Air Interrupters are ideal for . . . interrupt- 
ing magnetizing charging current of transformers . . . inter- 
rupting charging current of lines and busses . . . interrupting 
exciting current of feeder regulators .. . interrupting load 
currents to rated capacity ...sectionalizing feeders and 
distribution circuits. 


Specify Engineering Ability. Kearney’s staff of engineers 
is experienced in adapting or combining equipment for 
complete switching centers or additions to existing units. 
Designing for unusual needs... corrosive or dusty atmos- 
pheres, unique space requirements, portable units, or care- 
fully calculating tomorrow’s expansion requirements... we 
are geared to handle the unusual. 


Kearney Air interrupter Switches are made in ratings up to 15 K.V. 


3E's reliable Interrupter is now a Kearney 
product...unmatched for economy and safety 


(Continued from page 20A) 


Glass Delay Lines... 


Ultrasonic delays made of glass 
that serve as high-speed digital mem- 
ories for computers and data-process- 
ing equipment are this company’s latest 
development. Serial memories have 
been built that exhibit information 
rates of 3 to 20 megabits which are 
comparable to thin film, cyrogenic, and 
tunnel diode devices. Delay times as 
high as 150 microseconds have been 
achieved, and a 500-microsecond time 
is foreseeable. Corning Glass Works, 
Corning, N.Y. 


New Galvanometer ... 


This modernized D’Arsonval gal 
vanometer eliminates possible errors 
created by magnetic field variations o1 
changing spring characteristics by com- 
paring the signal fed into a servometer 
with the voltage obtained from a feed 
back potentiometer. Amplification of 
noncorresponding meter voltage to in- 
put voltage is achieved for large, 
erratic excursions by means of a self- 
contained transistorized amplifier. Max- 
imum response is 50 milliseconds; 
power required for position indication 
is one watt. Computer Instruments 
Corp., 92 Madison Ave., Hempstead, 
| ae Mey A 


Fast-Heating Cathode ... 

Capable of attaining full warm-up 
in 100 milliseconds, this new cathode 
will be used in future tubes for r-f 
power output stages in transistorized 
mobile and air-borne equipment. Be- 
cause warm-up time from a cold start 
is almost instantaneous, full advantage 
of transistorized equipment can be 
achieved since stand-by current drain is 
eliminated. A rectangular frame along 
which many fine parallel wires are 
strung provides a very high surface-to- 
volume ratio, resulting in fast warm- 
up and thermal equilibrium. Amperex 
Electronic Corp., 230 Duffy Ave., Hicks- 
ville; Li fg NY. 


Cryogenic Sensors ... 


I'wo sensors, one for surface meas- 
urements and the other for internal 
probing, accurately measure tempera- 
tures between 4 and 40 degrees Kelvin 
(—269 to —233 C). Each one about the 
size of a 5-cent piece, the sensors are 
germanium semiconductors designed 
for test and operational phases of space 
vehicles using liquid helium and nitro- 
gen. They can also be used in calibra- 
tion and standards laboratories. Min- 


Write for neapolis-Honeywell Regulator Co., 
Bulletin 152 JAMES R. KEARNEY CORPORATION Wayne & Windrim Aves., Philadelphia 
MELROSE PARK DIVISION + 25TH & DIVISION STS. MELROSE PARK, ILL 44, Pa. 


(Continued on page 32A) 
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4 Type N Network Switches 
Have That Extra Reliablility 
For A Demanding Service 


TOP SERVICE is expected of a secondary network. 
Anything less than the best makes the headlines. But 
Top Service must be built into every single part of the 
system — including switches — if Top Network Reliabil- 
ity is to be realized. 


G&W makes no network cables or transformers. But 
it does make network switches; we think the best in the 
business. Here are some of the reasons why. 


GeW Standardized Type N Network Switches meet and 
exceed all EEI NEMA Standards: 


1. Rated 15 kv, 95-kv Basic Impulse Level, 200-ampere 
continuous current carrying capacity, 5-second 
short-circuit rating of 15,000 amps in the grounded 
position. 


Rated no voltage break or transformer exciting- 
current break, including appropriate elecirical in- 
terlocking arrangement. 


The Type N Network Switch incorporates components 
of proven reliability, demonstrated by years of field 
operation: 


1. Patented rocker-arm switch construction, which in- 
cludes Permali® stringer for holding the three- 
phase contacts (a specially designed laminate known 
for its excellent mechanical and electrical charac- 
teristics.) 


“Z”’-slot operating handle, which prevents over- 
riding of the electrical interlocks by mechanically 
blocking direct operation from “off’’ to ground. 


Encapsulated interlock coils, for use with either oil 
or askarel. 


Magnetic oil-level indicator with retained gasket 
reduces the possibility of liquid leakage. 


These are some of the significant reasons why any net- 
work-switch application is more reliable when G&W 
Type N Network Switches are specified as part of their 
construction. A complimentary copy of G&W Engineer- 
ing data sheet No. 614.101 available upon request. 


G&W ELECTRIC SPECIALTY COMPANY 


3510 WEST 127th STREET 


BLUE ISLAND, ILLINOIS 


7 2 wat CANADIAN MFR. © POWERLITE DEVICES LTD. © TORONTO, MONTREAL & VANCOUVER 


superior quality standards—inspired specialized design 
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NEW 


4-TRACE 


Pp R E A M p LI F I E FE TYPE M PLUG-IN UNIT Four-teace preamp @= 
iv 


VOLTS/Cm 


1 MEG. 47 or GAIN AD). oC oa. 


A 
for Tektronix 


Oscilloscopes that 
accept 
letter-series 
plug-in units 








Y h J 
T PEM UNIT CHARAC 
Operating h 


hannole 


TERISTICS 


ViUGE + 


For more information about this new 4-Trace Pre- Type M Plug-in Unit 


amplifier, please call your Tektronix Field Engineer. » factory 


Tektronix, INC. 0. 80x 500+ BEAVERTON, OREGON / Mitchell 4-0161 « TWX—BEAV 311 « Cable: TEKTRONIX 


anta. Ga. « Ba e (Tows Md. + Bost exingt Mass. « Buftz N.Y. * Chicago (Park Ridge) Ill. « Cleveland, Ohio + Dallas, Texas » Dayton, Ohio 
Endice Swe N.Y. « Greenst N * H t Texas « dianapolis . 2 nse ty (Mission) Kan. « Los Angeles, Calif. Area (East Los Angeles, 
+ Montrea ebe anada « New York ty Area (Albertsor N.Y. « Stamford f + Union, N.J.) « Orlando, Fila. + Philadelphia, Pa. « Phoenix (Scottsdale) Ariz. 


TEKTRONIX FIELD OFFICES: Ait 


alif. Area tte, Palo Alt « St. Petersburg, Fla. + Syracuse, N.Y. + T nto (Willowdale) Ont., Canada * Washington, D.C. (Annandale, Va.) 
Tektronix is represented in twenty overseas countries 


TEKTRONIX ENGINEERING REPRESENTATIVES: Hawthorne Electronics: Portland, Oreg: attie, Washington « Kentron Hawaii Ltd., Honolulu, Hawa 


In Europe please contact Tektronix International A.G., Terrassenweg 1A, Zug, Switzerland, Phone (042) 4-91-92, for the address of the Tektronix Representative in your country. 
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National builds unique magnet coils for 
3-billion electron volt accelerator 


Upper and lower coils 
before installation. 


Coils assembled in magnet frame of accelerator. Note connections for cooling fluid which is circulated through hollow conductors. 


For the new Princeton-Pennsylvania Accelerator, 
National manufactured, inspected, tested and delivered 
40 finished magnet coils. 

Some of the unique design features— which required 
special tooling and a new insulation system— were: 
Extremely complicated coil configuration. Each coil was 
12 ft. long, 2 ft. wide, and weighed 800 lb. Each coil was 
wound in eight individual layers, consisting of four turns 
of 14” square hollow copper conductor. No conductor 
splices were permitted internally in the coil. Each layer 
was wound with continuous conductor lengths of 92 ft. 
to 124 ft. 


\ 


r= iat 


S ¥ 


~ 
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Rigid monolithic insulation system —required by the 
high pulse rate producing fatiguing mechanical forces. 
Turn-to-turn bonding strength is greater than 500 psi, 
and shear strength greater than 1000 psi. 

Resistance to intense nuclear radiation —in the order of 
one million rads per hour. 

National’s experience in design and production of coils 
vacuum impregnated in Epoxy resins met the exacting 
requirements here, as on many other leading nuclear re- 
search apparatus projects. For help on your special coil 
requirements, call our Columbus plant... HUdson 8-1151 
...or the nearest National field engineer. 


DIVISION OF 


; % « * 
(wanomat j ationa ectric 1) 
cous , 


COLUMBUS 16, OHIO « IN CANADA; ST. JOHNS, QUEBEC 
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When you need Switchgear power... 





Photo courtesy of Allis-Chalmers Mfg. Co. 


Depend on Reliable 











NICKEL 
CADMIUM 


Rechargeable Batteries 


NICAD Nickel Cadmium Vented Cells were 
designed specifically for standby and control 
application. Extreme reliability, uninter- 
rupted dependability at exceptionally low 
operating cost are features that have made 
NICAD the foremost nickel cadmium alkaline 
storage battery in service today. 


Widely used by power plants, utilities, hospi- 
tals, airports and industry, NICAD batteries 
have provided maximum performance under 
extreme conditions, instantly and efficiently. 
The all-steel construction—virtually inde- 
structible—and non-corrosive electrolyte gives 
NICAD batteries a greater life expectancy 
than that of any other type of battery. 


All these features, coupled with unusually long 
shelf life when on open circuit stand result in 
an economical, dependable power source. 


Here is round-the-clock readiness for the most 
critical application. Get the full POWER story 
from NICAD.: Write... 





FOR SWITCH TRIPPING 
DISCHARGE RATE IN AMPERES 





CHARGE 
CURRENT 
Amps. 


A. H. 
Capac- —— 
ity at 8 To 0.98 
Hr. Rate Per Cell 
Tol.l4v For For For For For 7Hr. 144. 
Per Cell SHrs. 3 Hrs. 1Min. Min. Rate Rate 


1.875 | 4.0 26 45 ei ee 
2.500 | 5.4 2 35 60 4 | 20 
3.125 | 6.7 43 75 Ta ee 
3.750 I 8.1 52 90 6 | 3.0 


To 1.14 Volts Per Cell 

















NICAD BATTERY DIVISION 


GOULD-NATIONAL 


E-1413 1st National Bank Blidg.f St. 
is a trademark of Gould-National Batteries, Inc. 


BATTERIES, INC. 
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BATTERIES, INC. 


Paul 1, Minnesota 
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Business Trends... 


INANCING by the nation’s privately owned pub- 
lic utilities increased by 77 per cent in the first 
6 months of 1961, totaling $2.9 billion compared with 
$1.65 billion in the same period of 1960, according 
to Ebasco Services, Inc. Telephone utility financing 
amounted to $1.5 billion, a 333 per cent increase 


> 


over 1960's first-half figure of $347 million. 
e ee e@ 


LANS for establishment of an electronic computer 

center in the Northstar business complex in down- 
town Minneapolis were announced by the Sessions 
Co., a management consulting firm. Contracts have 
been signed with General Electric for a new high- 
speed all-transistorized computer system, 


HE U.S. Navy has awarded an $8 million con- 

tract to ITT Federal Laboratories for electronic 
air navigation equipment used in jet aircraft. These 
improved TACAN radio sets will provide aircraft 
with instantaneous, precise bearing and distance in- 
formation. 


oo. electronics companies were among the 
190 United States and Puerto Rican firms who 
signed up for “Operation Bootstrap” factories in the 
Caribbean Commonwealth during fiscal 1960-61. It is 
reported that Puerto Rico’s U.S.-affiliated electron- 
ics industry shipped a record $8.83 million worth of 
products to the mainland in 1960, an increase of 
89 per cent over the previous year. 


HE U.S. Atomic Energy Commission and Euratom 

have announced their signing of contracts with 
the Societa Elletronucleare Nazionale (SENN), an 
Italian utility, relating to the first project of the U.S.- 
European Atomic Energy Community joint power 
program. The General Electric Co., under a contract 
with SENN, is building a 150-mw electric boiling- 
water power reactor near the mouth of the Garigliano 
River in Italy. 


SMALL radar unit available for private airplanes 
Aicna boats has been developed by Westinghouse. 
Its hand-held radar screen is like a telescope, with 
the essential part a high-resolution cathode-ray tube 
7 inches long. The tube’s screen is 0.60 inch in dia- 
meter and is magnified 10 times with an ordinary eye- 
piece. The pilot can keep the telescope-screen handy 
for checking and the rest of the transceiver can be 
remotely located for best weight distribution. 
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e ENERAL Precision’s Link Division received an 
Jy order from Trans World Airlines for a Boeing 
707 Jet Flight Simulator for about $1 million. Such 
a simulator enables 707 crews to conduct entire 
“flights” from one airport to another. 


T is predicted by the Electronic Industries Asso- 
ciation that television set sales to the public in 
1961 will exceed 6.2 million sets. 


ECAUSE of Brazil’s rapidly expanding industrial 

development, a 10-year program of at least 5 
million kw of additional capacity covering the period 
1955-1965 is now under way, thus raising that coun- 
try’s generating capability from about 3 million kw 
in 1955 to over 8 million kw in 1965. 


HE Federal Communications Commission has 

amended its rules to provide fast removal from 
service electronic equipment which causes harmful 
interference to radio navigation and safety radio serv- 
ices. Of particular concern to the FCC is the so-called 
ISM equipment, used in the industrial, scientific, and 
medical fields. 


NNUAL sales of $50 million for electronic re- 
A mote control supervisory systems are foreseen in 
the petroleum industry by 1965. These systems will 
be needed for pipelines, off-shore and leased wells, 
and refinery and process operations. 


MPLOYMENT in western electronic companies 
E has reached 215,000, which is 24.6 per cent of the 
total U.S. electronic manufacturing employment, ac- 
cording to the Western Electronic Manufacturers Asso- 
ciation. Also it was announced that sales in the west- 
ern electronic field should climb to $2.8 billion— 
24.9 per cent of the national total. 


A N automatic telecommunications system has been 
purchased by the Federal Aviation Agency for 
installation in the Anchorage, Alaska, area, from the 
North American Philips Co., New York. Reports from 
65 FAA and other stations will be automatically 
switched to the proper receiving station in fractions 
of a second instead of by the present process of 
punched tape and manual placement in the proper 
circuit. 
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Power from Nuclear Reactions— 


Fission and Fusion 


J. J. GREBE 


A bold and imaginative approach to the use of 
nuclear energy—the wheel of space travel—is 
necessary if its potential is ever to be realized. 
If its true nature can be grasped, a vast realm of 
development will open for exploitation by many 
future generations of scientists and engineers. 


HI 


power from nuclear reactions is not very different 


PRESENT situation in the development of 


from that of years ago when this writer gave a talk 
stressing the unique values and limitations of nucleat 
energy, plus the need for sound economics. Dr. Wignet 
Admiral 


directed the path to the production of safe and practi- 


and Rickover, 13 years ago, had outlined and 


cal nuclear power for submarines at Oak Ridge, Tenn. 
More economical techniques for industrial power pro 


duction were being sought even then. However, these 


techniques, in addition to being classified, were ex- 


tremely complicated.! What has happened since is now 


history. Suffice it to say that we are still looking for an 


unsubsidized, sound approach to the industrial appli- 
cation of nuclear power. Its achievement is still pro- 


jected 10 to 50 years into the future. 


Chis does not imply a total lack of development in 


peaceful uses of atomic energy, such as isotope power 


for space Sig 


nal generators, medical application, and 
industrial control and analysis work. Each of these de- 
Outer 


serves mot expenditure. space exploration 


would be impossible without a source of concentrated 


lightweight nuclear energy. However, new industrial 


developments have continued to improve the efficiency 


ind lower the cost of conventional power. Units have 


become bigger and more economical in first cost and 


operation, making nuclear energy harder to justify. The 
fuel cell promises to add another rung to the ladder. 
Such developments build up the efficiency, economy, 
and technology of our industry, and permit our Ameri- 
can productivity to increase, and our industry to com- 
pete successfully with other nations whose labor rates 
are lower and whose skills and automation are rapidly 
advancing.” This is basic progress which I hope will 


never falter. 


UNIQUE ADVANTAGES OF NUCLEAR ENERGY 


Bur WHERE do we go from here in the field of nuclear 


energy? Let us look into the really prime advantages of 


nuclear fission energy. 





J. Grebe is director of Nuclear and Basic Research, The Dow Chemi- 


Midland, Mich. 


cal Company, 
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First, it is the cleanest and safest form of energy 
that man has yet learned to control. That statement 
may surprise many of you, as it would a vast majority 
of the public. To the layman, nuclear energy is a little 
known and mysterious power. Man has always feared 
that which is mysterious, and it may be indelibly asso- 
ciated in the public mind with weapons of mass destruc- 
tion for many years to come. 

Many are apprehensive about the slight increase in 
background radiation due to fallout and the like—but 
do they stop the production of carbon monoxide and 
oil smokes from their cars? People even take vacations 
in the mountains where cosmic rays are increased many 
times beyond the amount due to man’s puny output 
through bombs and other nuclear conversion processes. 
But then, they are accustomed to enjoying mountains 
while the cosmic ray counters and the knowledge of in- 
creased radiation are new. I, too, justify being exposed 
to the great increase in cosmic radiation while flying 
vat The time 
saved is so much more productive that I do not mind 


high in a jet plane. I say, saves time.” 
even knowing that it may shorten my life. We are all 
human with our fears, our rationalizations, our preju- 
dices, and often irrational sense of values. Nuclear haz- 
ards are so easy to spot with modern equipment, and so 
easy to avoid compared to many other hazards to which 
man is exposed that one of our great challenges of the 
sixties may be to bring about a broader understanding 
of the safety and cleanliness of this form of energy. 
The second great assets of nuclear energy are its great 
capability and small volume. In essence, the H-bomb 
converts a glass of water into the equivalent of train- 
loads of coal. This should make it possible for man to 
have the necessities of life in the form of food, clothing, 
shelter, transportation, and communication almost any- 
where on earth—at a price. Perhaps before the decade is 
over this may apply anywhere in the solar system. The 
combined value of underground heat generation, and 
[J 233 


priate cavities produced in rock, may produce energy 


and Pu*%® breeding in H-bomb shots, using appro- 


from D.O, Th, and U?#8 at extra-low cost, even at re- 
mote locations. 

The third and greatest advantage of all is that it is 
open to everyone. The very air we breathe, the water 
around us in such abundance, can and will supply this 
But—and 
this is the real crux of our problem—by and large we 


energy to everyone willing to tune in on it. 


have been unwilling to tune in on it. We have spent, 
overall, the enormous effort required for it, but have 
aimed too low. A new start is needed, and a disregard 


Reactions ELECTRICAL ENGINEERING 





of any process that does not honestly promise costs less 
than 0.5 cent per kilowatt-hour at the switchboard. 


NUCLEAR ENERGY MISCAST IN TRADITIONAL MOLD 


AGES OF HARSH EXPERIENCE were required to teach us 
to use gravity in the form of water power and winds. 
Then, in completely different ways we finally learned to 
use fire for steam power. So it should not be surprising 
that many engineers want to force nuclear energy to 
conform to practices developed for use with fire. We 


have tried to take the most precious new knowledge 


and squeeze it into the narrow mold of out past experi- 
We sav, 


resources to do it with the government behind us, so 


ence. in effect, “We have the power and the 
why not force things to work our way?”” When will we 
learn that important new knowledge not only opens 
the door for additional new concepts but demands new 
concepts if we are to take full advantage of the knowl- 
edge we have gained? Let us keep the three great assets 
of nuclear energy in mind and try to orient our basic 
thinking in the direction that nature tells us is possible, 
rather than the direction we might like to decree for 
nature. 

This challenge may be best appreciated if viewed in 
proper perspective. For a vantage point let us use the 
You 


justify higher costs for nuclear energy which were ram- 


recent past. remember the childish attempts to 


pant just 3 years ago. Some said: “What if the costs are 


high? The total cost of electric power is about 2°; of 


our economy. To keep the remaining 98°, electrified, 
we ‘can’ subsidize atomic power.” The coal and oil fuel 


used amounts to about 114 billion dollars now, 


or about 14°%, of a 500-billion-dollar economy. Others 


cf 


“Even 2° added cost can be 


Now, 
the management and the workmen would love the se- 


said: carried by the 


economy.” there are many industries in which 
curity of a 100° subsidy. Each would know how to use 
up all the surplus employable labor and engineering 
competence if we would only pervert fundamental eco- 
nomic law by man-made laws and rules and administra- 
tive decisions to provide such security. 

But it is known from history that nature destroys 
artificial barriers which prevent each man’s efforts 
from being as fruitful and as productive as possible. 
Nature does this either by competition within the fam- 
ily, the factory, the state, or the nation, or by going 
beyond and destroying the unhealthy mentality and 
the associated men and mechanical facilities in whole 
nations. 

What does industry do about the. situation of declin- 
ing reserves of fuel easily mined and transported to the 
point of use? We are trying to figure out new ways to 
apply the magnetic bottle (magnetohydrodynamics) 
technology to use our fuels at temperatures rougly twice 
as high as those in modern furnaces. We are working 
to use the magnetic bottle not only to confine the high 
temperature and pressure products of combustion while 
it is ionized as a plasma, but also to serve as the turbine 
and dynamo for converting the heat energy of the 
expanding plasma into electric energy. We know only 
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too well that this will not only require a higher quality 
fuel and higher energy air, but will actually force us 
into making clean coke and high-pressure oxygen, rather 
than permitting us to consume the lower grade reagents. 
here is no one more conscious than the writer of the 
need to do something about the recovery of sulfur and 
smoke-producing hydrocarbons which now smog the 


cities. 


EXPLOITATION OF LOW-GRADE FUELS 


IN THE NEXT 10 to 30 years we will solve the problem 
of using the lower grade fuels. There are nearly infinite 
amounts of these in deep, thin, high-sulfur, high-ash, or 
high-water forms, including lignite, tar sands, and pitch. 
A new process has been developed for using these lowe 
grade fuels by one of our worthy competitors, F. J. Zim- 
merman, president of the Salvo Chemical Corporation, 
Rothschild, Wisc. 

Let us take the particularly favorable case of a deep, 
wet deposit of nominally worthless coal. We drill a 
good-sized hole into the ground down to a mile or so. 
We produce a cavity by standard explosives, finally en- 
larging it into a “vapor-separating drum” by setting off 
a hydrogen bomb in it, 
AEC 
of a million dollars. We get fissures that intercommuni- 


at the bombing service price 
quoted by the (Atomic Energy Commission) 
cate between various coal seams and provide a cavity 
which can confine pressures of 2,000 psi under hydro- 
static head of the overburden. This cavity is worth mil- 
lions. The only leakage is into, rather than out of this 
pressure vessel. Starting with the heat of the bomb and 
later by the introduction of high-pressure air and wa- 
ter, steam is generated as long as there is anything com- 
bustible within reach. 

It is astonishing what a few square miles of coal beds, 
just a dot on the surface of the earth, could do in pro- 
viding power. In many parts of the world it could run 
the biggest power plants for 20 to 30 years. Even wet 
lignites can be “burned” in such cavities. We have ex- 
perience on the by-product production of partially OXI- 
dized and other desirable organic by-products, particu- 
larly gaseous fuel. When the consumption of the fuel 
has provided a large cavity, bigger H-bombs can be fired 
below to generate heat for steam production. 

A similar and related potential use for thermonucleat 
energy is in the area of chemical processing, that ts, in 
the first stage processing of natural resources into basic 
chemical raw materials in natural or man-made under- 
ground cavities. This can be done with power as a co- 
product. For example, a device detonated in a lime- 
stone formation would produce calcium oxide and car- 
bon dioxide at a very low cost. The addition into these 
cavities of other basic raw materials, like coal, and fur- 
ther detonations, could yield new basic materials, such 
as calcium carbide for acetylene. In short, natural re- 
sources would be utilized, or first-stage processed in the 
place where nature deposited them. Mining, crushing, 
grinding, and heavy transportation would be elimi- 
nated or largely reduced. 

In contrast to the approaches of independent indus- 
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tries, you may be shocked to know that present power 
reactor technology involves renting the fuel from the 
government at a very low rate. In addition, current 
technology for power reactors, even if as successful as 
hoped for, costs altogether too much in capital invest- 
ment, similarly to costs of the Tennessee Valley Author- 
ity water power plants. Also, the fuel in reactors is 
leased only during the time it is working. A number of 
fuel loads must be provided so they can be cooled while 
the precious and potent fission products decay. Then, 
the largest percentage of the fuel may be reprocessed 
for reuse at a cost not yet brought down to practical 
levels. 

There were those who did their best to help develop 
the technology tor liquid metal self-regulating reactors 
to operate under vacuum rather than pressure, and that 
would be continually reprocessed by being milked of 
emitters. All the fuel would be 


fact, 


valuable 6 and vy 


all 


used to recover full values from spent submarine re- 


then 


working the time. In such reactors could be 


actor fuel elements and to use up to the remaining fuel 
from any solid-fuel reactors as soon as it could be trans- 


ported. Also, the plutonium-fueled fast breeder using 


liquid fuel and sodium alternately mixed and sepa- 


rated, would have had a very short fuel-doubling time. 
However, the most extensive effort to establish a liquid 


metal-fueled reactor was smothered to death by super- 


conservative design, low temperatures, and low per- 


formance goals. When the political pressure to build re- 
actors for prestige overruled the more realistic people, 
that goal was dropped. It is still hoped that these con- 
cepts will be understood before too long. 

PERSPECTIVE VIEW OF NUCLEAR POWER 
CURRENTLY, In spite of all the pessimism that is being 


expressed—in spite of the Russians publicly announcing 


de emphasis of atomic have de- 


emphasized flooding fertile valleys with high-cost hydro- 


power, just as they 


power dams; in spite of England, even with her long- 
range shortage of good coal, de-emphasizing and defer- 
ring her atomic goals—and with foreign emphasis on 
that less 


clean and efficient than the Zimmerman process—there 


using low-grade fossil fuels by methods are 


are still rather big objectives to be attained with nuclear 
powel 

How then do we take advantage of the unique char- 
acteristics of nuclear energy? What would the system 
tailored to the characteristics of nuclear energy be like? 
We do not know how to express these points in any 
more terse and descriptive terms than were given in a 


paper the writer co-authored with A. W. Hanson, “Big- 


> 
ger Goals for Nuclear Energy.’* 
In essence, the story is as follows: In newly developed 


areas, even without highways, or where our present elec- 


tric powel distribution system is loaded to the gills, 


small automatic atomic power generating units will not 


only provide needed electric energy for the area, but 


also exhaust-heat for space heating and cooling cycles. 
We believe that liquid-metal fuel reactors will be used 
with helium-gas turbines. The liquid-metal fuel would 
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be continually milked for the precious fresh fission by- 
products for industrial radiation, medical treatment, 
concentrated heat energy packages, and fission products 
batteries. City water will not be trusted, in time to 
come, unless sterilized with irradiation, locally. Such a 
substation will be considered the hospital, the warmth, 
the refuge, and safety shelter of the area. It will hug the 
airport instead of rivers or lakes. 

The the 
thus be multiplied by four, as compared to wasting the 


value of decentralized fission energy will 
exhaust heat, and using 6 and y radiation as mere Btu's 
in coal in a big central station. Reducing the depend- 
ence of the load area on the vulnerable and costly elec- 
trical distribution system alone multiplies the value of 
the local plants by two or more. These liquid-metal 
fueled nuclear stations will use all by-products, and op- 
erate automatically. In their best form, the automatic 
nuclear stations would be patterned after a subcritical 
neutron multiplier reactor by Lyle Borst. Only a hydro- 
plant made to run only on overflow could be as bad 
as a nuclear reactor run at criticality. We have kept 
this dream alive by private research on materials of con- 
struction and liquid metal processing techniques for 
spent fuel elements, and the backing of borst. Last year 
we received 14 million dollars from the AEC for carry- 
ing out more exact demonstrations of the feasibilities 
of our liquid-metal processing method. 

What then about the broad picture? If we try to un- 
derstand the nature of nuclear energy rather than trying 
to bend and twist it to old and conventional concepts, 
a vast and tremendously pregnant realm appears, to be 
explored by many generations of scientists to come. It 
seems certain to be the wheel of space travel. 


THE ANNIHILATION REACTION 


Let us Go on a flight of fancy at 10 g acceleration to 
discuss very briefly the type of nuclear energy that will 
fill the sails of interplanetary ships—in space that will 
be charted to show the magnetic winds and cosmic ray 
currents. This energy is not radiation pressure, or ther- 
mionic emission, or even based on fission power genera- 
tors for high-energy accelerators. Instead, it is what has 
been misnamed the “annihilation reaction,” which oc- 
curs when an electron and a positron attract and fall 
into one another. 

Good sound Maxwellian electrostatic and electromag- 
netic theory, proved by all of our electrical engineering 
technology, would call for a large amount of energy to 
be generated. The attractive force between a plus and a 
minus charge approaches infinity as the distance apart 
decreases to zero and, of course, a nearly infinite 
amount of force acting on even a short distance pro- 
duces a lot of foot-pounds. 

Three years ago, in trying to understand a plausible 
structure of the nucleus, | concluded that the currently 
accepted concepts of the annihilation reaction could 
not possibly be right, for they assume that all the energy 
is contained in the two or three y rays emitted at each 
interaction. They add up to exactly the energy equal to 
the rest mass of the electron and the positron. But, what 
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Fig. 1. Simple models of close-packed, cubic crystal structures bounded 


by squares, hexagons, triangles, etc., with equal sides 





Table I. Major Steps in the Conversion and Organization of Energy 





Entities Dealt With 


Associated 
Phenomena 


Causes, Methods, 
and Applications 








accelerated by small 


1. Proton—p*, e*, e 
cumulative field gradients 


2. Coupling of e* and e- to make B+ 
like ball lightning; now reproduced in 
laboratory 
3. Binding energy of 
a. B+ pairs to lepons 
b. Couples to mesons, nucleons 
c. Fusion, combining protons and neu- 
trons to form higher isotopes, He, C, 
N,O 
d. Fission—U or Pu + n 
and radioactivity 
4. Radioactivity a, 8, y neutron emission. 
Natural and induced by bombardment 


> ips+ A 


5. Thermal radiation ionization 


recombination 


energy, 


freezing, 
com bina- 


6. Molecular bond energies 
thawing, boiling, condensing, 
tion, dissociation, polymerization 
Partial bond, surface tension 
7. Gravity, capillarity, waterfalls, tides, 
winds, waves, orbit of planets, comets, 
constellations 
8. Living organisms 


9. Mind, instinct, habit, plus reasoning, 
invention 

10. Spirit, temporal life and materialism 
sublimed to permanent values 


Relativistic mass gain with increased ve- 
locity. lon streams in magnetic flux 


Annihilation 7 radiation 


Electromagnetic attraction 
y rays 

Cosmic gas formation 
Sun’s A source, bomb, 
fertilize oceans, underground for 
power 
Fission recoil 


underwater to 
A and 


A, plasma thermocouple 


from fission 
ray battery 


Geothermal heat 
and K® decay. 8 
Sunlight, arc furnaces, evaporation, rain, 
fire, photosynthesis 


products 


Chemical conversions, fire, electrolysis, 


steam power, full with fire 


Fabrication 


Water wheels, windmills, sails, drop ham- 
mers, construction and reconstruction 


Vander Waal’s forces, life cycles with re- 
cycle of portions not upgraded 
Experience, education, wisdom, learning 
mostly from mistakes of others 

The soil of Grier furnished by the unre- 
generate 


Magnetic field energy increase within 
path of charge; electron gun welder 
Space sail by magnetic lense for concen- 
trating and deflecting e* and e-, cosmic 
gas p 

Magnetic field pulses 

Coupling energy 

Cosmic ray showers 

1. Mechanical work 

2. Chemical work 

}. Breeding nuclear fuel, Th + U*™ 

UFe in MHD plasma liquid fuel reactor 


U to Pb, Th, to Bi thrust kw and ion 
propulsion in space 
Photocell, solar heat, battery, windmill, 
sails, water wheels 
CO, in plasma flame, 
chemicals, plastics, glass, and metals 


Food, clothing and shelter 
Electromagnetic attraction at 10” cps, 
balloons, planes, porpoising, surges, phys- 
ical work 

Food collection for each higher stage of 
life. The drag, treadmill 
Communication, co-ordinated 
arts, science, engineering 


thought, 


Grows souls who Love the Creator and 


even all men 


MHD—hot gas, 


Energy 
Changes 


40,000 


10,000 


3,000 
1,000 


306 


0.01 


0.001 


0.0001 


700001 


7000001 


70000001 
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happened to all the energy accumulated due to the 
attraction of one for the other? No one has answered 
this, but I can give you a hypothesis which leads to a 
very simple deductive analysis. 

If you accept the classical radius of the electron which 
is the radius at which the electron mass m, is equal to 
the charge, then the e* and e- do meet long before they 
have gained a very large amount of energy. In fact, they 
} 1/4 ee 


relativistic mass after coupling 3 m, 


a velocity of x 
the 
each. They form what I found to be the largest common 


meet at the velocity of light, 


which makes 


denominator in the mass spectrum of all matter, about 


5.95 m 


as found in the proton.* It takes 309 of these 
6+ couples to cluster four layers around the central B+ 


to make a neutron. 


H. H. Heighton has independently calculated the 


mass of the e* and the e~ couple to weigh a total of 6 m, 


per unit. They couple to others just as hydrogen atoms 


form the H. molecule after converting energy equal to 


the mass of the e* and e- into y energy, thus emitting 


252, i, their magnetic field (8 m,) which was gen- 
erated by their falling into one another. The coupling 
energy between two of these positronium units repre- 
sents about 18°); 8.3‘ 


9 


2.5° for 165 units in the K mesons, decreasing down to 
1.0°, 


> in the 38 units in u mesons, and 


about by the time one has a cluster of exactly the 


four layers (30814 units) in p, the proton. Their diam- 
eter d is about the wavelength j in space of the magnetic 
field within the 6+ 


6+ units. The w= mesons have d = y/2 
see Fig. 1). 

\ll this explains the exact density of nuclear matter, 
the shortest wavelength that has been associated with 
nuclear forces, and also recent publications that allow 
for the possibility of positron and electron pairs having 
quantum levels that are higher in energy content than 


that of positronium.® It also meets the criteria set for 


explaining gravity and inertia.6 In addition, the prop- 


erties, such as nuclear magnetic moment, neutron cross 
sections, the stabilities and abundances, as well as phys- 
ical properties of elemental particles and the elements, 
reflect the characteristics expected of roughly spherical 
assemblies of these close-packed cubic 6+ units in layers 
around a tetrahedral cluster of four central units or a 
single central one.’ Positrons without partners within 
the nucleus can circulate on the periphery in fixed 
equatorial patterns by “cutting in’ on the grand sashay 
of dozens of couples while flirting with the low-energy 
electrons in the outer orbits. 

Ihe slight differences in the binding energy as one 


the 29 


goes 


0.1! 


up in atomic mass to layers amounts 


* of the mass of uranium being liberated as energy 
breaks radiated 
[his may seem small, but it is still very large, 


to 


when it into fission products and 


energy 
aggregating 200 million volts per U?*° atom compared 


9 


to the chemical energy of combustion, 3 volts, due to 


molecular bonding. It is also important to notice that 


vy radiation of moderate 


annihilation y 


y energy is cleari 
intensity: 510,000 volts. 

Thus we should harness the annihilation energy or, 
better, binding energy of e* and e- and put it to work. 


666 Grebe—Power from 


This, I feel confident, will be done by large electro- 
magnetic fields, increasing the chance of their interac- 
tion adjacent to the space vehicles, being shielded by 
this deflection, so that we can capture this energy and 
convert it into thrust. At present, this may seem fantas- 
tic, but there is so much more known about these in- 
teractions than there was about fission at the time of 
the beginning of the Manhattan project that there is no 
comparison between the two. Hundreds of accelerators 
are duplicating in laboratory bubble chambers what 
nature does in space. Magnetic field areas, enormous 
compared to laboratory targets, may achieve results that 
will astonish us. Depending on the relative velocity, the 
“furnace” would be about 100 times the diameter of a 
gas-air furnace on earth. 

Table I outlines briefly the major steps in the con- 
version of the highest potential, most concentrated 
form of energy, into successive stages of higher organi- 
zation and greater mass and dilution for the added en- 
ergy. While the energy gain associated with each suc- 
ceeding entity decreases, the degree of organization and 
ach 
stage. The sensitivity to decay and destruction also in- 


the mass that moves with it becomes larger in 


creases about tenfold at each successive step of higher 
organization. Man’s tapping 
higher concentrations of energy for power sources are: 


progressive efforts in 


Life—the drag, the treadmill, (man- and _beast- 
operated) 

Gravity—sail, windmill, waterwheel 

Fire—boiling, condensing 

Sunshine—evaporation, solar boiler, solar battery 
Radioactive decay—geothermal steam power plants, 
6 ray battery 

Fission—fusion—binding energy liberation, submarine 
power, fusion bomb 


Coupling B+ and f- 
recoil and heat 


“annihilation” y-ray-induced 


Deceleration of charged particles—magnetic space 
sail (practiced in ray counters and electron gun 


welders) 


Even the highest faculties of the human being draw 
directly and indirectly on energy in its most concentra- 


ted form, the electron—that 10-'+-cm-diameter magnetic 


bottle in the nucleus of the atom. 
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Educating Electrical Engineers 


for Professional Careers 


SIMPSON LINKE 
MEMBER AIEE 


Since over 80% of our electrical engineering un- 

dergraduates intend to follow professional engi- 

neering careers, rather than careers in research 

and teaching, it is believed that a re-evaluation 

of the goals of electrical engineering education 
is required. 


N ANY current discussion of engineering education, 
and particularly electrical engineering education, it 
is inevitable that conflict will arise between those 
who wish to inject more science and mathematics into 
curricula and others who insist that engineering colleges 


Rather 
support either side of this controversy I intend to dis- 


should “train engineers—not scientists.” than 
cuss the subject of undergraduate education for protes- 
sional engineers by presentation of the arguments for 


the following thesis: 


The present emphasis on science and mathematics in 
electrical engineering curricula is creating a research 
oriented type of undergraduate education that may lead 
to inadequate preparation for professional careers in 
engineering. Since 80° to 90°, of our undergraduates 
intend to follow professional, rather than research or 
teaching careers, re-evaluation of the goals of electrical 
engineering undergraduate education is required. 

ELEMENTS OF THE PROBLEM 

THE CHARGE of inadequate education cannot be based 
upon the proliferation of science and mathematics in 
electrical engineering curricula. There can be no doubt 
about the necessity for' increased emphasis upon these 
basic subjects in this age that is so often termed the “era 
of our rapidly expanding technology.” It is equally 
important that college courses should concentrate on 
broad functions that are applicable to all branches of 
electrical engineering, with less attention given to spe- 
cialized devices, design, shopwork, and so-called tech- 
nical drudgery. As a result of this proper scientific at- 
titude, engineering courses are unfortunately tending 
to stress mathematical analysis, based on idealized con- 
ditions and linearized parameters, with somewhat less 
emphasis upon the influence of physical limitations. 
Thus the student is placed in a never-never land where 
everything works exactly as the theory says it should. 
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When these conditions are coupled with the philosophy 
prevailing in some quarters that an engineer is now 
only required to visualize and expound the problem and 
that the actual final solution is “trivial,’”’ it is possible 
for many nonresearch-minded graduates of our schools 
of electrical engineering to become mathematical 
robots, facile with differential equations but completely 
out of touch with the physical realities of engineering 
problems. Such men will be neither scientists nor engi- 
neers. They know that they are inherently without 
scientific creativity and their education has convinced 
them that engineering creativity is somehow beneath 
them. 

Ihe problem of the education of the professional en- 
gineer becomes even more complex when the character- 
istics of the present-day engineering student are con- 
sidered. Many of these students are products of a pro- 
gressive type of primary and secondary education that 
has heretofore failed to tax their mental capabilities. 
These have had their early education 


young men 


“spoon-fed.” They have been allowed to pick and 


I 
choose, to do only those things that they like to do, to 
avoid unpleasant, routine, and distasteful tasks. Many 
have decided to study engineering because of a natural 
aptitude for mathematics and physics. Others may have 
been influenced by the high salaries offered in news- 
paper advertisements to engineers. It is probable that 
these young men are not very different from their 
predecessors of a decade or two ago. It is only that their 
attitudes are different. They have learned to complain 
about being required to do unpleasant things. Courses 
in machine shop, surveying, drafting, fluid mechanics, 
and heat power seem like a waste of time, particularly 
since they may have heard that many members of the 
faculty agree with them. Unfortunately, this dislike of 
the mundane extends to such courses as elementary cir- 
cuit theory, where it is often necessary to use numbers, 
push the slide rule, and obtain answers that must be 
interpreted with some engineering judgment. Enlight- 
ened present-day instructors, for the most part, have 
correctly abandoned the technique of the rote exercise 
and the dull repetition of routine problems. However, a 
still 


courses that retain their engineering flavor. One of my 


certain amount of numerical work remains in 
colleagues reports the amazement with which he was 
greeted when he required his computing classes to solve 
a reasonable circuit problem, involving complex 
algebra, down to the last detail. “Do you want us to 
work it all the way out?” he was asked. While the boys 
labored, my friend could hear them muttering to each 


other that “this dog work is for peasants.” 
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In an elementary machinery course two students in- 
correctly wired a d-c motor-starter set under the super- 
vision of a novice instructor. When the resulting short 
circuit kept blowing the circuit breaker and the in- 
structor could not immediately spot the trouble, the 
left huff, 


complaining that they were being required to waste 


two “future engineers” the laboratory in a 


their time on equipment that was “bad.” 

\ senior-project student, working on a computing 
device, obtained a rather large and complex commercial 
electronic power supply that could be applied to his 


project with some modifications. Although complete 


wiring diagrams were available, the student insisted that 
he would require the services of a “technician” to trace 


the circuit and find out which relays were blocked. The 


student's computer circuitry was much more involved 


than that of the power supply and a few hours of effort 


would have removed all the difficulties. However, he 


strongly implied that he was above tearing into the 
unknown circuit and making it work 
(hese incidents are isolated examples, of course, but 


are indicative of the general attitude of today’s engi- 


neeru undergraduate. In many cases, this attitude is 


1g 
encouraged by the presence of young and sometimes 


brilliant faculty members who are themselves recent 


graduates and who have never engaged in engineering 
work. These young professors are often doing research 
wol k ol 


ment 


their own, sometimes under generous govern- 


contracts, where factors of economy, reliability, 


und engineering judgment may be secondary. The areas 


ot their efforts are 


ized and 


most likely to be in fields where ideal- 


linearized parameters may be assumed with 


onfidence. It is unlikely that they frequently encounter 


such materials as silicon steel in their re- 


I he s¢ 


differential equation and the digital and 


troublesome 
ch work 


W hom the 


men are engineering scientists for 


analog computers are invaluable tools. When they in- 


struct undergraduates it is inevitable that their personal 


attitudes will be communicated 


to the students. Gen 


erally, only the upper 10° of each class can be expected 


( 


to follow in their footsteps. The rest may be stimulated, 


but they necessarily obtain a distorted viewpoint of 


engineering work. It must appear to these remaining 
90°" that their chosen profession offers either a life of 
technical drudgery or a life of stimulating discovery. If 
they find that they will be unable to maintain the high 
standards required of research and graduate work, they 
fear that they may be condemned to the purgatory of 


lack of 
excellence, 


ordinary engineering. Their motivation for 


achieving technical engendered by early 


patterns of planned mediocrity and amplified by the 
led 


many of them to decide to become sales engineers, ap- 


frustrations of their engineering education, has 
plication engineers, engineering managers, engineering 


administrators—anything but professional engineers. 


CRITERIA FOR ENGINEERING EDUCATION 


EVERYONE agrees that the problems of evaluating en- 
gineering education are complex and difficult. The men 
who drafted the American Society for Engineering Edu- 


bbs 
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cation (ASEE) Grinter Report took 18 months to do the 
job. Every electrical engineering faculty in the country 
is endeavoring to find local answers to such problems 
as opumum number of semesters, ideal curriculum con- 
tent, importance of the humanities, and related prob- 
lems. It would be foolhardy, therefore, to suggest pat 
solutions to the multiple problems of inadequate under- 
graduate education. The problems vary with each in- 
stitution and may be serious or negligible according to 
the temper of each faculty and student body. However, 
certain of the previously published commentaries on 
engineering education may be of use in providing guide- 
posts for action. 

In a recent editorial,! Dr. H. G. Booker, director of 
the School of Electrical Engineering at Cornell Univer- 
sity, made the following two important statements con- 


cerning undergraduate education: 


l. “The principal function of undergraduate educa- 
tion should be to develop the mind of a student by hav- 
ing him think through things that other people have 
frequently thought through before.” 

2. “There is nothing wrong, or even unduly special- 
ized about engineering as a basis of education, under- 
graduate or graduate. Engineering provides a wealth of 
material for developing the minds of students on the 


basis of both well-known and novel ideas.” 


I shall call these statements the “Booker Criteria for 
Engineering Education.” Although general in nature, 
they serve as appropriate yardsticks for the evaluation 
of any facet of the educational process. 

Application of these criteria to the problems of edu- 
cating electrical engineers for professional careers re- 
moves the confusion that has clouded certain issues. For 
example, there has been considerable agitation to ban- 
ish the conventional machine laboratory, on the 
erounds that the devices are obsolete and that their de- 
velopment has reached a plateau. There can be no argu- 
ment with such a proposal if machinery is still to be 
studied, as it has been for many years, by giving atten- 
tion to a mass of winding detail, the study of specialized 
design techniques, and the grinding out of voluminous 
data for the purpose of drawing dozens of characteristic 
curves. Such practice violates criterion 1 in that the 
major portion of such detailed work does little to de- 
velop the student's mind and certainly is not conducive 
to making him think, except in a mechanical way. On 
the other hand, if the machine is studied as an actual 
physical device from the standpoint of the relative inter- 
action of the various components and parameters; if the 
student is asked to “think through” the fundamentals 
of the device in much the same way as Faraday and 
Tesla and Lamme had to, then the study of the partic- 
ular device is educational, by criterion 1. Criterion 2 is 
also satisfied through (1) the broadening influence of 
the study of the historical development of the machine 
and (2) the opportunity afforded the student to come 
into contact with the reality of an engineering device 
through observation of the manifestations due to non- 
linearities and the interpretation of deviations from 
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theoretical predictions. If, in the process, he is disturbed 


by the inaccuracies of his measurement devices, in- 
trigued by the difficulties of analysis of ferromagnetic 
circuits in motion, and appalled by his lack of knowl- 
edge of magnetic materials, he is receiving engineering 
education of the purest kind. The main point is that 
his mind is being sharpened on old ideas so that at some 
future time he can contribute new ideas of his own. 

The process of idealizing and linearizing the machine 
so that it may be analyzed by abstract mathematics can 
be admitted as good educational practice only after the 
student is sufficiently sophisticated to comprehend the 
implications of his simplifying assumptions. To limit 
machine theory to the mathematical approach is poor 
educational practice by both criteria. Valuable thought 
processes are bypassed, an important bridge from past 
to present thought is never crossed, and perhaps worst 
of all, the student is left with unrealistic conceptions, 
often without a clear understanding of the limitations 
of his knowledge. The more discerning students exhibit 
a feeling of disappointment at this treatment. “I applied 
the equations of motion,” said one graduate of this 
technique recently, “but I didn’t learn much about 
machinery.” 

Granted that the object of electrical engineering edu- 
cation is not necessarily to learn about machinery, 
nevertheless an engineering teaching philosophy that 
fails to give the student a firm physical foundation upon 
which to build his mathematical concepts is comparable 
to a medical education which teaches the technique of 
surgery without first grounding the student in anatomy. 
Perhaps the would-be surgeon learns some anatomy by 
this process, but none of us would care to find ourselves 
on his operating table. 

Needless to say, these comments apply not only to 
machinery but also to other areas of electrical engineer- 
ing undergraduate education. For example, study of the 
characteristics of a vacuum-tube amplifier without an 
understanding of the fundamentals of physical elec- 
tronics cannot be justified under either criterion. In 


short, engineering education based principally on 
mathematical analysis will not produce graduates who 
can apply their knowledge with judgment, or, as the 


Engineers’ Council for Professional Development 


(ECPD) definition of engineering has it, “to develop 

ways to utilize, economically, the materials and forces 

of nature for the progressive well-being of mankind.” 
THE LABORATORY STEM 


PRESENT engineering education literature abounds 


with statements about the “core curriculum.” In con- 
trast, relatively little attention is given to the laboratory. 
Such mention as has been made would indicate that 
current trends are toward reduction in laboratory time, 
limited study of instrumentation, adoption of a policy 
of student laissez-faire in the choice of undergraduate 
laboratory projects, the already mentioned reduction of 
power machinery to bench-scale devices and a general 
attitude of ‘let ‘em blow fuses,”’ a concept of condoned 
laboratory carelessness based on the belief that the 
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liberated, uninhibited student will learn more rapidly 
by making mistakes. 

Perhaps these attitudes have been encouraged by the 
general that 
training should be given to the graduate in the cadet 


agreement “practical” o1 “specialized” 
programs of industry, so that only mathematics, physics, 
and engineering fundamentals need be taught in col- 
lege. The fallacy in this argument is that industry does 
not care about developing the mind of the student. 
That job has presumably already been done by the 
school. Training in the specialty, not education of the 
individual, is what the cadet master has in mind. If the 
college has failed to instill the necessary engineering 
disciplines, standards of accuracy, comprehension of 
physical and material limitations, and desire for tech- 
nical excellence in the student, it is too late. In isolated 
instances, an individual may possibly achieve these goals 
in industry. But how much broader is his education if 
he has been exposed to these concepts during the 4 or 5 
years of a stimulating and critical academic atmosphere! 

To provide adequate engineering education for all 
graduates in electrical engineering, every “core curricu- 
lum” should have grafted onto it a sturdy “laboratory 
stem.” This program should parallel and complement 
the theoretical work throughout the required portion 
of the undergraduate program. Desirable features of 


such a program would be: 


|. Avoidance of routine experiments, rote taking of 
data, repetitious computation, and standardized tech- 
niques. 


2. Gradual development of the theory and applica- 


tion of electrical measurements as the student progresses. 


53. Thorough understanding of the theory, behavior 
and limitations of each instrument. There should be no 
“black boxes’’ in the laboratory. 

t. Delayed introduction of sophisticated devices into 
measurement until such time as the student can fully 
comprehend them. 

5. Inclusion of analysis and measurement of the char- 
acteristics of the various ferromagnetic materials and 
devices. 

6. Thorough investigation of the electrical behavior 
of “real” devices, not idealized analogs. 

7. Emphasis on the development of engineering 
creativity. 

8. Provision for students to develop ideas with mini- 
mum assistance from instructors. However, free selection 
of topics for study should be avoided until the senior 
year. 

9. Establishment of firm laboratory rules. Proper in- 
strument care and personal safety should be stressed. 

10. Encouragement of orderly, well-organized tech- 
niques. A blown fuse should be considered as the result 


of unwarranted carelessness until proved otherwise. 


Throughout these laboratory sessions, the emphasis 
must be on complete comprehension of all aspects of 
each project. The experiments should be arranged with 
natural obstacles placed in the path of the students so 
that they will be required to exercise their growing 
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engineering judgment to overcome them. There should 
be ample opportunity for the observation of phenomena 
that deviate from the predictions of theory. Mathe- 
matical analysis should be encouraged whenever pos- 
sible. Where mathematics cannot be used, physical 
analysis should be employed. 

Examinations on laboratory work should be creative. 
Problems that depend on mathematical derivations 
should not be used. The problems should be engineer- 
ing problems that require thought, analysis, under- 
standing of concepts, and good judgment. Problems 
that require the mere parroting of material absorbed in 
class should be avoided. 

It is unlikely that the students will react favorably 
to such a program at first. Their present backgrounds 


and mental attitudes will probably cause them to be 


unreceptive to such tough treatment. If the parallel 
theoretical program is equally challenging, there will be 
a number of important benefits; incompetent students 
and would-be “managers” and “salesmen” will be elimi- 
nated early. The serious ones who remain will have 
ample opportunity to decide whether they wish to fol- 
low research or technical careers. By proper choice of 
electives, the students in each group will be able to 
prepare themselves for the careers of their choice. In 
thei 
been thorough and will have given them adequate prep- 


either case, undergraduate education will have 


aration for the future. 
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Receivers for the National 


Emergency Alarm Repeater System 


H. INDERWIESEN 


The NEAR system, a recently developed means 

for rapidly alerting the population in case of 

emergency, operates by an alarm signal trans- 

mitted through the power lines. Operational re- 

quirements of the system and technical features 
of the receiver are discussed. 


HE PROBLEM of 


possible nuclear warfare and intercontinental mis- 


civil defense, in an age of 


siles, affects the entire population. Direct enemy 


action or fallout against any community can multiply 


casualties indefinitely unless the public is warned and 


knows the steps it must take to survive. 


IT he superiority of electric powel lines to any other 


means of warning the population is clear: 96°% of the 
population of the whole country is serviced by electric 


power, as compared to 73° having telephones. Al 


though 94°, of the people have radios, only 8°%, of 


these radios are turned on at any one time. 
The Near (National 


system, developed by the Midwest Research Institute, 


Emergency Alarm Repeate ) 


transforms part ol the 60-cps power into a 240-cps 


signal. The alarm signal can be transmitted through 
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the power lines to a special receiver, which is plugged 
into any power receptacle. Upon receiving a signal, 
the receiver will alert all people 


within audible or 


visual range. 
OPERATIONAL REQUIREMENTS 
‘THERE Is a broad range of operating conditions to 
be met in the homes of the United States. These con- 
ditions introduce many problems and limitations on 
the design of the NEAR receivers. The factors pertinent 
to the engineering problems are as follows: 


Signal Level. The NEAR receiver must detect a I-volt 


> 


240-cps signal sustained for 3 115-volt 


60-cps power line. Strong signals of 4 to 6 volts should 


minutes, on a 


not result in deterioration in the operation of the 
receiver. The receiver not only must sense a frequency 
of 240 cps, but also must have the means to determine 
which signal, among all the coded signals and power- 
network transients with 240-cps components, is the 
one intended for home warning. 


4mbient Noise Level. The 115-volt 60-cps voltage 
Har- 


monic voltages, usually odd multiples of 60 cps, exist 


must, in this instance, be considered as “noise.” 
on the a-c power line and persist for extended periods 
of time. The results of measuring the ambient power- 
line spectrum between 40 and 1,200 cps, over a period 
of 3 years in the States of Kansas, Missouri, Ohio, and 
Michigan are contained in Table I. The amplitudes 
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are maximum rms values and were sustained longer 


than | minute. 





lable I. 


Power Network Ambient Spectrum Analysis 


Even Harme Odd Harr rics 


Amplitude, Frequency, 
cps volts rms cps 
60 180 
120 0.5 300 
240 (signal) 0.2 $20) 
(channel) 
60 0.1 540 
+80 0.1 


Amplitude, 
volts rms 


Fre« 7 u 





Interharmonic noise is of a transient nature and 


Natural 


as that caused by direct lightning strokes, contains a 


usually lasts less than a second. noise, such 


240-cps component, which usually decays within a 


second. Man-made sources of 240 cps are caused by 


large rectifiers supplying direct current for electro- 


plating, or by electric arc furnaces. These sources of 


interference are of a localized nature and may _ be 


treated individually, if necessary. Asymmetric inrush 


in transformer switching can cause up to 3 seconds of 


240-cps noise, 
The factors of 


Environmental Conditions. tempera- 


ture, corrosion, aging, shock, vibration, humidity, and 
safety must be considered in designing the receiver fot 
reliability and long life. 

The receiver may encounter a temperature of 32 F 
120 F in an unventi- 


in an unheated Alaskan home o1 


lated Arizona home, and it must function reliably in 


either place. Components and packaging must be 


selected carefully to prevent the corrosion and aging 
Many 
kitchens occasionally produce gases that tarnish. silver- 
Shock 


and vibration, although not severe in the home, may 


which could make the receiver unreliable. 


ware and play havoc with electrical contacts. 
be quite severe during the process of transportation to 


the point of distribution, handling and unpacking, ete. 


Alarm 


NEAR system is to reach people at home, any time, and 


Requirements. The prime objective of the 


to alert them to the threat of possible disaster. In most 


cases, a distinct audible alarm is satisfactory for most 


of the population. 


A study of the factors that influence the audible 


alerting of people in their homes has been made.’ A 
visible or tactile alarm is required for the deaf. 


Fig. 1. Prototype of 

the NEAR receiver é 
with sync motor time : 
delay NEAR RECEWWER 
e ° 
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NEAR receiver circuit with modified time delay 


The influence of the following factors were evaluated 


to provide the basis for the design of the receiver 


alarm: 


1. Size of the average American home 


2. Acoustical 


effect of architectural features in 
home 

3. Audio acuity of the average listene 

t. Ambient noise level and frequency distribution 
within the average home 

5. Location of the listener with respect to the alarm 
clevice 
value 


6. Effective loudness and effective “annoyance” 


of the alarm 


Of the factors listed, only the sixth is under the di 


rect control of the alarm designer. An alarm, in order 


to alert, must be annoying. Annoyance value increases 
with increased pitch, use of multiple frequencies, and 
introduction of silent periods between sounds. The 
contused 


T he 


attract 


sound should be distinctive so as not to be 


with home doorbells, telephones, 01 buzzers. 


louder the sound, the better is its ability to 


attention. 


FECHNICAL FEATURES OF THE 
ELECTROMECHANICAL RECEIVER 


Description of the Cycle of Operation. The receivel 
(Fie. 


~ 


1) is energized by plugging into a power recep 


tacle in the home. An orange glow from the plastic 
jewel on the top of the case indicates that the receiver 
is energized and that the a-c line voltage is not below 
normal. The receiver circuit (Fig. 2) provides an in- 
sight into the several modes of the operation cycle. 

Detection of the Near signal is partially accom- 
plished by the L-C series-resonant circuit connected 
across the a-c line all of the time. The 240-cps mechan- 
ically resonant reed is caused to vibrate in the air gap 
of the inductor L by the magnetic flux resulting from 
the signal current. 

Actuation of the time delay, the synchronous motor, 
and the alarm is caused by the reed intermittently 
closing a contact. Power is taken from the 60-cps line 
through the reed contact, is rectified by a diode, and 


causes a sensitive d-c relay to close after the first few 
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Fig. 3. Circuit of NEAR electromechanical receiver 


cycles of the reed’s motion. The contacts of the relay 


apply power trom the 60-cps line to start the timing 
motor. If the signal stops within the first 10 seconds, 
the relay contacts open and the timing motor is reset 
to the starting point by means of a return spring. Aften 
10 seconds, cam A on the motor closes contacts which 
override the relay and permit the motor to control the 
alarm cycle 

Phe 
which causes the tuning capacitor C to be periodically 


short-circuited 


alarm is actuated by the movement of cam B, 


When the capacitor is short-circuited, 
the full 115-volt 60-cps line current is applied to the 


inductor L, causing the 120-cps clapper to be driven 


to sound the alarm. The total alarm period is 50 sec- 


onds, after which cam A opens, returning the receiver 
to stand-by operation. A magnetic latch locks the reed 


during the alarm period, preventing further operation 
ol the relay. 


The circuit of an earlier version of the NEAR receiv- 


er, Which was also tested, is shown in Fig. 3. Its primary 
from the 


obtaining the 


difference Fig. 2 circuit is in the method of 


The 


ol this receiver may be seen in Fig. 4. 


external 
The 


cycle of operation is similar to that already discussed. 


10-second time delay. 


appt arance 


The 


reliability, would require 


Selectivit ideal filter, to 
a O ol 


siderations prohibited the use of 


provide a margin of 
80 to 100. Cost con- 


filter networks made 


Fig. 4 (Uleft). Proto- 
type of NEAR home 
warning 
with 
delay 


receiver 


thermal time 
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up of toroids and capacitors. Electromechanical filters, 


such as resonant reeds, torsion resonators, and tuning 


forks, have Q values of 100 or greater at 240 cps. These 


devices are ideally suited to this application because 
of low cost, rugged construction, and reliability. If the 
Q is limited to approximately 100, the need for close- 
tolerance components and temperature compensation 
is avoided. Furthermore, the reed filter also serves as a 
addition of an electric 


mechanical amplifier by the 


contact to it, to control considerable power and_ so 


avoid the use of electron tubes or transistors. 

The selectivity curve or frequency response of the 
The 
rejection of 60-cps currents is obtained by electrical 


mechanical filtering system is shown in Fig. 5. 


tuning in combination with the mechanical resonant 
system. By comparing Fig. 6 with Fig. 5, the improve- 


ment in selectivity may be noted. The instrumentation 


used for making measurements on the receivers is 


shown in Fig. 7. A discussion of the selectivity require- 


ments and the electromechanical impedance of the 


receiver is contained in the appendix. 


Sensitivity. The receiver was designed to operate re- 
liably with a threshold signal of 1 volt at 240 cps. How- 
ever, the receiver needs to function at 0.6 to 0.8 volt, 
in order to allow for some loss of sensitivity with aging, 
and to avoid the polarity effect. (The polarity effect is 
a difference in sensitivity displayed by the receiver 
when plugged into the receptacle one way, then re- 
versed; it results from the asymmetrical waveform pro- 
duced by 60-cps and 240-cps currents combined.) The 
l-volt threshold signal represents a signal-to-ambient 
noise ratio of about 5 to 1, which gives the receiver an 
acceptable safety factor and aids in the prevention of 
false alarms. 

The Near signal causes a small, magnetically polar- 
ized reed to vibrate at its natural frequency when the 
reed is positioned between the poles of an_ electro- 
magnet. The force tending to attract the reed in the 
air gap is a function of the magnetic flux density and 


the cross-sectional area of the gap:? 


F = 0.0139 BAe 


where 


PULL*IN 


DROP-OUT 








= 4 
-1.0 ¢ 
DEVIATION (%) 





Fig. 5. Response of tuned mechanical elements of receiver 
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Fig. 6. Combined response of tuned electrical and mechanical elements 


of receiver 


F force acting on the reed 
Ba flux density in the air gap 
Aq= cross-sectional area of the core faces 
The sensitivity and the amplitude of vibration of the 
reed tor a given force is governed by Young’s modulus, 
density, and permeability of the reed material, and the 
length of the reed from the clamped end to the point 
ol contact. 

It the driving inductor is placed directly across the 
be forcibly driven by 


a-c power line, the reed would 


the large 60-cps current. Several advantages are gained 


by series tuning the inductor to resonate at 240 cps. 


First, the impedance of the circuit to 60-cps current is 
the the 


240-cps impedance is minimized, affording the best im- 


raised, and noise current reduced. Secondly, 
pedance match to the power line. The sensitivity is 
improved, because the greatest amount of signal cur- 
rent is extracted from the power network. An iron core 
is required by the inductor to increase the inductance 
value. A low-value capacitor may be used for reso- 
nance. The core also carries increased flux during the 


alarm cycle of operation when the clapper is driven. 


Transient and False Alarm Protection. False alarms 
must be kept to an absolute minimum to insure con- 
tinued acceptance of any warning system by the public. 
False alarms could conceivably be caused by uninten- 
tional or accidental signaling, coded signals, network 
transients, or failure of components within the receiv- 
er. The receiver cannot prevent false alarms caused by 
The 


choice of components and ratings will help to insure 


unintentional or accidental signaling. proper 
long life and a minimum of false alarms resulting from 
receiver failure. 

Network transients of a natural or man-made origin 
cannot be avoided. However, these transients have a 
common characteristic also shared by the coded signals: 
they persist for a short duration, usually less than a 
second. For example, a lightning discharge near a 
power network is a source of a 240-cps transient. 

Tests in the field of receivers not having transient 
protection showed that too many false alarms occurred. 


SEPTEMBER 1961 


The best of several methods for the prevention of 
false alarms was a short time delay of about 10 seconds 
between the start of the signal and the alarm actuation. 
The time delay causes transients and code pulses to be 
rejected. 

An earlier model of the receiver, shown in Fig. 8, 
had a bimetal type of time delay actuated by 60-cps 
power metered through the reed contacts. This method 
was tried first because of its simplicity and low cost. 
An undesirable feature of the bimetal time delay is its 
The 


follows an exponential curve analogous to the voltage 


energy-storage characteristic. thermal build-up 
rise across a capacitor when the capacitor is charged 
from a battery through a resistance. This means that 
repeated transients or coded pulses could eventually 
cause the receiver to sound an alarm. 

Field tests of receivers having the bimetal time delay 
indicated that the delay was a function of the signal 
level, a-c line voltage, and temperature. The thermal 
relay was quite sensitive to vibration from the alarm 
and had to be shock-mounted. The reed contacts had 
to carry considerable current to power the thermal 
relay and, as a result, the life of the contacts was short- 
ened. Although no false alarm due to transient signals 
was ever recorded during field tests of this type of 
receiver, coded signals would cause tripping. There- 
fore, the decision was made to use a synchronous-motot 
type of delay, although the cost was greater. The motot 


delay was found to have these advantages: 


|. Time delay was independent of signal voltage 
level. 

2. Time delay was independent of a-c line voltage. 

3. Code pulses would not accumulate to trip the 
receiver, because the gear-train mechanism could be 
returned by spring action about four times faster than 
the normal forward driven rate. 

t. A cam switch avoided production adjustment of 
the time delay period. 

5. Motor and mechanism were virtually vibration- 
prool. 

6. Reed contacts now operated under “dry circuit” 
conditions, prolonging life and increasing reliability. 


7. Alarm time could be lengthened and accurately 


Fig. 7. Instrumentation used in measuring the electrical impedance of 


receivers 
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RBM Com- 
with 


Fig. 8. 
pany 
base 


receiver 


removed 


controlled. even to providing on and off action, thus 


making the alarm more distinctive. 


OPERATION 
HOME CONDITIONS 


RECEIVER 
UNDER SIMULATED 
NEAR 


the rec 


evaluated in 


ALI 


First 


RECEIVERS were two steps. 


iver was laboratory tested under many 


conditions related to its performance, in order to estab 


lish a confidence or reliability figure. Then the receiv- 


er was field-tested in Battle Creek, Mich., on all major 


circuits and in surrounding locations having adequate 
Fon RBM Company, a 


Essex Wire Corporation, Logansport, 


signal strength these tests the 


division of the 
Ind., manutactured to specification 100 receivers hav- 
ing a thermal delay. 


Lime 
Operational tests were ambient 


F, and 125 F. The 


volts, and the 60-cps line voltage was varied from 


run at remperature, 


signal voltage was varied from | 


0 volts. The delay time and the alarm time of 


r were recorded at each operation. Ten-volt 
ot |8O 


and 300 cps were applied individually 


mmbination to determine the immunity of the 


receive) » Lalse operation. 
Occa- 


was selected at random to be given 


These da ere then analyzed statistically 


sionally receive 
alike 


test. Tl est consisted of cycling the operation 


ol the receive rapidly as possible, with a counter o1 


recorder attached to indicate the number of operations 
failed. Daily 


run on. the 


accumulated until some component sen- 


. , 
selectivity tests were receivel 


in order to determine the degree 


sitivity and 
of deterioration. Each 
had to meet the 


recelvel minimum requireme nts suc- 


Battle Creek for field 


Valuable information on quality control was ob- 


cesstully before it was sent to 


test 
tained from the environmental tests. Receivers having 
the thermal time delay have exceeded 5,000 operations. 
Receivers similar to those having the timing motor de- 
lav have easily operated 100,000 times with no loss of 
othe deterioration, This is 


sensitivity ol apparent 


equivalent to almost 14 years of twice-a-day operation. 
OPERATION DURING FIELD TESTS 


RECEIVER 


EACH RECEIVER was then field tested on all major 
Creek 
l-volt or greater signal. Automatic 


circuits in Battle and surrounding locations 
> 


having a recorders 


were selected to limit the number of persons necessary 
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to conduct tests and to eliminate the human element 
as far as possible. The operations recorder functioned 
unattended for 24 hours or longer. Correlation of this 
record on a real-time basis with the programmed signal 
from the generation gave the true operations, misses, 
and false alarms. 

Special field test carts were designed and assembled, 
each housing 20 receivers within a sound-deadening 
chamber. Carts were mounted on wheels for mobility 


and ease of handlit Fig. 9 shows one of the field test 


ww, 
> 
carts; the 20-pen recorder, one channel lor each receiy 


The 


between 


er, is shown on the extreme right. left-hand _re- 


corder charts the a-c line voltage signals; 
when a signal occurs, the recorder switches automatic- 
ally and records the 240-cps signal level. The receivers 
are on shelves behind the door on the side of the cart. 
The doors are locked to prevent tampering. All charts 
have a velocity of 12 inches per hour, permitting res- 
olution of Operations only 5 minutes apart, if needed. 
Normally, the home warning signal was programmed 
on the hour and coded signals sent on the half-hour. 
One 
sampled in Battle Creek. In addition, an area within 


a radius of 40 miles of Battle Creek was spot chec ked. 


location in each power substation circuit was 


Except for the behavior of the signal with the network 


load condition, no situation that had not been simu- 
lated during the laboratory tests was encountered. 
The field data were analyzed statistically to deter- 
mine the reliability of the receiver under actual oper- 
ating conditions. When it became apparent that the 
thermal time delay was incompatible with receiver op- 
eration on the code pulses, a number of these receiv- 
ers were modified. 
Standard = I-rpm 
nished by the Lake City Company, a subsidiary of Con- 
Schiller Park, IIL, 


substituted for the relays. The motors 


controlled by sensitive relays made by the RBM Com- 


synchronous timing motors fur- 


trols Company of America, were 


thermal were 
pany. Both of these components, which are being mass- 
produced, give long service. A spring return and cam 
switch were the only additions to the motor, The RBM 
signal-sensing unit was used without modification ex 
cept for the change in the time-delay method. 

The 


to a defect in 


few false alarms that were recorded were traced 
The 


taining 20 receivers also simulated apartment house 


individual receivers. test cart con- 
conditions, where interaction between receivers might 


be expected, but such was not the case. Actually, no 


Fig. 9. Test cart for 
monitoring receiver 
operations in the 


field 
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false alarms due to network conditions were recorded, 
proving the effectiveness of the time-delay principle. 


CONCLUSIONS 

[HE PRESENT PROTOTYPE receiver can be expected 
to operate reliably with normal home conditions. Im- 
proved techniques and quality control are expected 
to boost reliability of production models. Present re- 
ceiver reliability is above 99°, based on the ratio of 
operations to signals. 

If a threat receiver 
could be put into production in quantity at once. 


should arise, the NEAR system 


Appendix 


Selectivity Requirements. The minimum tolerable 
selectivity or figure of merit Q was derived from the 
noise and signal information presented in Table L. If 


Z series circuit impedance 

R circuit resistance independent of frequency 
Fo 240-cps resonant frequency 

Qo minimum tolerable circuit Q at resonance 


then the assumption is made that Z/R=10, +60 cps 
removed from the signal frequency, Fy. Since Z/R=1 at 
then 10 either the third or fifth 
harmonic would be equivalent to | volt of the 240-cps 


resonance, volts of 


signal. Then, from reference 3, 
Z/R 
where 


F,, actual frequency 300 





Fo, resonant frequency 240 


solving for Qo, 


Substituting values, Q,=20 at the resonant frequency 
of 240 cps. Thus, 20 is the minimum tolerable value, 
with no allowance made for noise or a safety factor. 
A more acceptable value would be between 80 and 100. 


Electrical Impedance of an Electromechanical Filter. 
The motion of the mechanical system has the effect of 
modifying the electrical impedance of an electromech- 
anical filter, especially near resonance. The total driv- 
ing-point impedance is 


Lee Ze+ Zm 


(vector sum) 
where 


total driving-point impedance 

blocked or electrical impedance 

free reed or motional impedance 
The electrical impedance Z, consists of the series 


combination of resistance and capacitive and inductive 
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reactances. The electrical vector impedance is easily 
measured if the movable mechanical elements are firm- 
ly blocked in the neutral position. The plot of this 
impedance versus frequency is a straight line, parallel 
to the reactance co-ordinate. If the admittance of this 
circuit is plotted versus frequency, the result is a circle. 
The plot of the motional impedance versus the fre- 
quency in the vicinity of resonance is also a circle, 
since the electrical impedance is proportional to the 
mechanical admittance of the reed.t The performance 
of the receiver in terms of resonant frequency, band- 
width, sensitivity, selectivity, and stability can be pre- 
dicted from the analysis of the circle diagram. 


can be meas- 


The total driving-point impedance Z,, 
ured electrically from the a-c plug on the receiver, if 
the movable mechanical elements are free. The im- 
pedance plotted versus frequency in the vicinity of 
mechanical resonance results in a circle. An instrument 
both useful and time-saving for taking these measure- 
ments is the vector impedance bridge VB-I, 


Corporation, Woodbury, Conn.), 


(model 


Harris Transduce 


shown in Fig. 7, together with the audio-signal gen- 
erator and cycle counter for frequency measurement. 
The motional impedance, Z,,, circle can be easily 


determined in graphic terms after the electrical Z, and 
driving-point impedances Z,, have been plotted. Much 


information can be obtained from the motional im- 
pedance circle. For example, the diameter, drawn from 
the origin, intersects the circle at the frequency of 
mechanical The 
mined from the half-power frequencies located at the 


perpen- 


resonance. bandwidth can be deter- 
intersection of the circle by a second diameter 
dicular to the first. Since these frequencies and the res- 
onant frequency are known, the Q of the mechanical 


system can be found from 


where 


Fy) = resonant frequency 


F, and Fe 


frequencies at the 3-db (bandwidth) points 


Loading the mechanical system by a fixed contact 


against the vibrating reed has the effect of increasing 
the bandwidth and reducing the Q. The greater the 
ratio of the unloaded Q to the loaded Q, the greater 
the efficiency of the system. 

Distortion in the circle represents other losses as- 


sociated with the mechanical system, and should be 


avoided. Flexibility in the reed mount or the core 


assembly can easily be detected. 
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650-Kv Substations for Project EHV 


se,’ 


MEMBER 


HE General Electric Extra-High-Voltage Project 
T (called “Project EHV” for short) comprises a com- 
plete prototype transmission system which operates at 
500 kv, and will operate later at 700 kv (750 kv 
1958, but technical 
and acquirement of the right of way had been proceed- 


1957 


ABETTI R. E. LARSON 
ATEF ASSOCIATE MEMBER AIEE 


maxi- 


mum). It was announced?! in work 


ing since early The cost of the entire project is 
estimated at $7,500,000 and is being contributed by 11 
utility. Construc- 


co-operating manufacturers and one 


tion work on the site was started in May 1959 and ener- 
gization at 500 kv of the North Substation and adjacent 
section of the line took place,in December 1960. In 
raised to 700 kv 
1963. 


installations? 


1962 the voltage will be Plans call for 


testine until the summer of 


In the research have been 


] | 


qesmned 


past, Nn 


as open-ended test lines with limited and 


nonrepresentative terminal equipment. Usually, no 


effort was made to design the system for a given volt- 


age. Instead, a broad range of voltages and system 


parameters was investigated 


ot Project FHV 


1 


by utilities in establishing a 


The design philosophy 


is more advanced, similar to that used 


new system. On the basis 


of forecasts of development of ehv transmission in the 


United States and Canada,? it was decided to design 


ill Project EHV line configurations specifically for 460 


ind 650 kv, and both substations for 650 kv. A voltage 


of this magnitude appears to be adequate for fulfilling 


North 


transmission America for the 


requirements in 
next 20 years 

Project EHV includes prototypes of apparatus to be 
from 460 to 750 kv. 


two 650-k. 


used on future ehv systems. For 


instance, the capacity of the 
10.000 kva. 


this was tl 


autotransform- 


ers Was set at because calculations showed 


that smallest size of a forced-oil-cooled 


unit, which would have basically the same construc- 


tion and geometry of larger units of the same basic im- 
pulse insulation level (BIL). Actual service experience 
will be obtained for several years under normal weather 
and operating conditions 

\s mentioned, the Project EHV line was designed for 
160 and 650 kv 


two rated voltages, Conductors, hard- 


ware, and line insulation will be changed when the op- 


erating voltage is raised. The two terminal substations, 
the 650-kyv 


the exception of the lightning arresters, which will be 


however, are designed only for level, with 


rated 360 kv during operation of the system at the 460- 


recommended by the AIEE Substations Commit- 
the AIEE Technical Operations Department for 
AIEE Winter General Meeting, New York, 
Published in AIEE Power Apparatus and Systems, 


presentat } 
Jan. 29-Feb 
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kv level. It appears that the same design principies and 
structures will be used for apparatus and substations 
in the 460- to 750-kv range. Consequently, operation 
at the highest voltage is sufficient to demonstrate the 
correctness of the design and its economics and reliabil- 
160-kv 
built by the Pennsylvania Electric Company for their 


ity. Furthermore, two substations have been 


Claysax Project, and operating experience will be 
available from these installations. 

The following design criteria for the two Project 
EHV 650-kv substations are fundamentally the same as 
would be used by a utility, but are modified in certain 


aspects by the special instrumentation requirements: 


|. The apparatus and structures are representative of 
future designs for 460 kv and higher voltages. At pres- 
ent, both rigid and strain busses are being used for 
345-kv that 


used at higher voltages. Consequently, rigid aluminum 


substations, and it appears both may be 
bus has been used for the North Substation, and strain 
bus, consisting of bundled ACSR conductors, for the 
South Substation. 

2. Radio interference from the stations is negligible 

compared to that generated by the line itself. ‘This re- 
quirement is definitely more stringent than that which 
would be used by a utility. Conductor-generated corona 
and radio noise are at present important factors affect- 
ing the design of ehv lines, and therefore they will be 
measured by means of 25 radio-noise meters and a spe- 
cial device which will separate the corona pulses, ac- 
cording to their magnitude, and count them. For theo- 
retical and practical reasons, it is desired that most of 
these pulses originate on the line and not in the sta- 
tion. Television interference from the station is negli- 
gible, since this usually results from hardware in poor 
condition or from slack insulator strings. 
5. Station insulation requirements are established by 
lighting and switching surges, rather than by 60-cycle 
voltages or overvoltages, because there are no insulator 
pollution problems in the Berkshires. However greater 
distances had to be used at times between phases than 
would be necessitated by insulation requirements, be- 
cause special instrumentation for corona loss measure- 
ments needed to be accommodated. 

4. Mechanical design criteria require that the struc- 
tures withstand the severe weather conditions of the 
area, but that they be easy to erect, despite their large 
dimensions. Maintenance should also be kept to a mini- 
mum. 
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OERSTED 


and the Discovery of Electromagnetism 


Part IV 


BERN DIBNER 


FELLOW 


This is the fourth and concluding article of the 
series on the discoverer of electromagnetism and 
his epoch. 


HE next important step in the evolution of elec- 
tromagnetic theory and apparatus was that made 
by William (1783-1850) of 
1825, wire in 16 


around a soft iron core and so produced an electro- 


Sturgeon England 


who, in wound an electric turns 
magnet. He found soft iron to be better than steel be- 
cause it was capable of stronger temporary magnetism 
than steel. This was true only while the current was 
flowing, soft iron lacking the retentivity of steel. Stur- 
geon bent the iron core into a horseshoe shape thereby 
bringing the poles into the same plane and further 
intensifying the magnetism, as well as making its in- 
fluence upon an iron object more convenient. The 
conductor that he used was bare wire wound around 
the soft iron core which had been heavily varnished so 
as to insulate the successive turns of the bare conduc- 
ting wire. This electromagnet had distinct advantages 
over a lodestone: strong lifting power, instantaneous 
magnetization, immediate ending of the magnetic field 
when the circuit was opened, and the ease with which 


the electromagnet could be positioned anywhere. 


HENRY’'S CONTRIBUTIONS 

To Joseph Henry, teacher and experimenter at Al- 
bany, N. Y., goes the credit for masterful work in ex- 
ploiting these properties. Instead of varnishing the iron 
core, he concentrated on providing an insulating cover 
upon the conductor itself. He used a silk winding about 
the copper wire and thus could closely pack many 
turns upon the iron core. This he demonstrated at the 
Albany Institute in June 1828. To one small magnet 
he applied 35 feet of wire in 400 turns and showed the 
improved properties of such a magnet in the following 
year. As a next step he wound two layers of turns about 
a core, connecting the coil ends at each pole end to- 
gether, thus joining the coils in parallel. The resulting 


pull was nearly doubled. This opened the general field 


This is part IV in a serialization, in four parts, of the book of the same 
name published by the Burndy Library, Norwalk, Conn 

Bern Dibner is chairman of the board, Burndy Corporation, Norwalk, 
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of inquiry to Henry, a mathematics teacher, as to which 
variables—number of turns, size of wire, kind of bat- 
tery, number and method of connection of coils—were 
those from which the optimum condition of magnetic 
strength was to be determined. He found that with the 
current from a single pair of zinc and copper plates 
only | inch square, he could construct a magnet to sus 
tain 85 pounds of iron. With a single cell of less than 
half a square foot of surface, 650 pounds could be sus- 
tained. In 1831 he built a magnet having an iron core 
weighing less than 60 pounds, yet it was capable of 
holding up more than a ton. Another magnet which 
Henry made held up 3,600 pounds. Thus, in about a 
decade after the announcement of the principle of 
electromagnetism, an electric battery, no larger than 
the one that first showed Oersted its magnetic prop- 
erty, was used to sustain a weight of a ton. 


ELECTROMAGNETIC INDUCTION 


THREE events provided the stable base of modern 
electrical science: the discovery of a constant-current 
source of electricity by Volta, the magnetic influence of 
an electric current by Oersted and, finally, the genera- 
tion of an electric current from magnetism by Faraday. 

Ever since Oersted’s announcement that magnetism 
could be generated by electricity, the hunt for the re- 
ciprocal condition, the generation of electricity from a 
magnetic source, became the goal of experimenters. 
Michael 
nings, was assistant to Sir Humphry Davy at the Royal 


Faraday (1791-1867), of most humble begin 


Institution and, because of his brilliance as an expert- 
menter, become one of the immortals of science. For 10 
years he had worked on the problem of conversion of 
a magnetic force into electricity, but without success. 
However, on August 29, 1831, he observed that when two 
coils were wound around a common core and one was 
connected to an electric battery, the making and break- 
ing of the electric current in the first coil created a 
kindred pulse of electricity in the second coil in the 
had inserted. 


Thus, electromagnetic induction was discovered. 


circuit of which a galvanometet been 

As a further step in following this discovery, Faraday, 
on October 28, 1831, mounted a copper disc so that it 
could be made to revolve between the pole ends of a 


powerful magnet. Galvanometer leads were then con- 
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mn vl 


1825, wound 16 turns of bare copper on a 
core. When 
lifted 9 pounds, 


accomplishment for the first electromagnet 


































































































Sturgeon, in 


varnished soft iron current was switched 


through, it or 20 times its weight, a 


prodigious 


nected, one to the axle of the revolving disc and the 
second to the disc’s edge. When the disc was turned 
by a crank, the galvanometer needle deflected, clearly 
showing that electric currents had been induced in the 
disc. The first dynamoelectric machine had been born 
and from it rose the electrical age. In 10 days of in- 
tensive experimentation, Faraday had grasped and for- 
mulated the basic laws of magnetoelectric generation. 
These results were presented in the first of a long series 
of papers before the Royal Society of Sciences on Nov- 
ember 24, 1851. To the chemical source of electric gen- 
eration of Volta there was added the magnetoelectric 


form of generation by Faraday. Mechanical energy was 


now convertible into electric energy. By adding the 


concept of the magnetic field with its lines of force (as 


dramatically demonstrable with iron filings) Faraday 


physically linked the elements that engaged in mag- 


netoelectric generation 

Ihe principle of self-induction was first observed by 
Prof. Joseph Henry in 1832, with the apparatus shown 
on the accompanying illustration. With this apparatus 
he obtained a brilliant spark when he opened a circuit 
connecting an electric battery to a coil of copper wire. 
This occurred when he quickly broke the circuit by 
using a copper jumper joining two cups of mercury in 
the circuit. From his experiments he concluded that in 
order to obtain this spark it was necessary for the length 
of wire to exceed 12 or 14 yards. An even better effect 


resulted when the wire was coiled into a helix. 


PHE ELECTROMAGNETIC TELEGRAPH 


the elements created by 
the 


Ampére was probably the first to suggest this new force 


BUILDING with Oersted’s 


announcement of discovery of electromagnetism, 


as the means of transmitting signals over an electric 
wire, a suggestion that led to our modern telegraphic 


system. If a needle, argued Ampére, could be deflected 
by an electric current, then this motion could be con- 
verted by code into an alphabetic system. Because the 
number of wires required proved too unwieldy, the 


practical application of this arrangement failed, as had 
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earlier electrochemical proposals. However, Sturgeon's 
electromagnet gave new impetus to the inventors in 
telegraphy. Various needle telegraphs were invented, 
promoted, and shelved. In 1834, Gauss and Weber 
drew a telegraph line between the laboratory and ob- 
servatory over the rooftops of Géttingen that was a mile 
and a quarter long. Double wires connected magnetic 
indicating needles, and the line continued in use for 
4 years until it was struck by lightning. It was improved 
by Steinheil who substituted a single wire and ground 
Cooke 
and Charles Wheatstone expanded Schweigger’s idea 


return. The English experimenters William F. 


into an operating telegraph. 

The telegraphic art received its final impetus by 
S. F. B. Morse, who combined the primary elements of 
Sturgeon and Henry into a practical telegraph system, 
and then promoted its construction and use until it 
became, in its day, the universal means of long-range 
March 1843, support from 
Congress, a telegraph line between Washington and 


communication. In with 
Baltimore was constructed by Morse, and it proved 
feasible. 

Oersted and Faraday first met in London during the 
former’s visit to England in 1823. They remained in 
correspondence for nearly 30 years and met again dur- 
ing Oersted’s later visits to London. On Oersted’s sec- 
ond visit to Faraday’s laboratory in 1846 he expressed 
very great interest in the large horseshoe electromagnet 
that Faraday had constructed and with which he had 
conducted experiments in diamagnetism. When Oersted 








Joseph Henry insulated the wire of his electromagnets with 
silk, compacted them with many turns, and connected the 
coils in parallel and in series, increasing the suspended 
weights to over a ton. With this apparatus he discovered 
self-induction. The battery, reversing switch, and ribbon- 
coil which he built are shown on the floor 
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returned to Copenhagen he built a large electromagnet 
after Faraday’s design, which is still preserved at the 
Polytechnic Institute. Demonstrations with it were made 
by Oersted before the Royal Academy in Copenhagen 
during the two years 1847 to 1849, mostly in experiments 
with diamagnetism. Correspondence between the two 
savants covered the fields of compressibility of fluids, 
the confirmation of Mariotte’s law, the liquefaction of 
gases, and the continuation of Chladni’s patterns of 
sound produced on vibrating plates. 

Oersted’s paper on the acoustical figures, written in 
1807 (published 1810), won for him the silver medal 
of the Royal Society of Sciences. It was an expansion of 
to Ritter 1804, and 
Chladni's 


Oersted replaced Chladni’s sand with 


a letter written in Octobe was in 


substance an electrical analysis of figures. 


a lighter pow- 
dered moss (lycopodium) resulting in a different pattern 
of figures from those of Chladni. Oersted had hoped to 
discover a relationship between parts of the acoustical 
figures with electrical charges, a further indication of 
his aim to correlate various manifestations of the forces 


of nature. 


SCIENTIST AND CITIZEN 


him follow- 


Oersted 


ABSORBING THE HONORS which came to 


cliscovery, threw 


field of 
the diffusion of scien 


ing the recognition of his 


himself into broadening the science edu- 


cation. He founded a society for 
tific knowledge which has continued its mission into 
the present, and delivered lectures on science in the 
principal cities of Denmark. In 1823-24, he continued 
1828, he traveled to Nor- 


addressed a 


these lectures, in French. In 


way and in the same yea science society 
in Berlin. In the following years he visited Hamburg 
and in 1834 called upon the celebrated electricians and 
experimenters in Gottingen, Gauss and Weber, who 
had established a magnetic observatory there. Oersted 
later established a similar magnetic study at the Poly 
technic Institute of Copenhagen on the ramparts of the 
city. France and England were visited by Oersted in 
1836 and he was among those present at the meeting of 
the British Association at Southampton, where he lis 
tened to Sir John Herschel state that in science there 


take, 


when pointed toward the European continent, and that 


was but one direction which the needle would 
was toward his esteemed friend, Prof. Oersted. He knew 
not how to speak of him in his presence without viola- 
ting some of that sanctity by which, as an individual, he 
was surrounded. The electric telegraph,” said Herschel, 


“and other wonders of modern science were but mere 
effervescences from the surface of this deep recondite 
discovery which Oersted had liberated, and which was 
yet to burst with all its mighty force upon the world. 
If we were to characterize by any figure the advantage 
of Oersted to science, we would regard him as a fer- 
tilizing shower descending from heaven, which brought 
forth a new crop, delightful to the eye and pleasing to 
the heart.” 

In England he came to know 


Wollaston, Si 


his experimenting 


colleagues Humphry Davy, Michael 
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A photo portrait of H. C. Oersted taken in the late 1840s. The 
1839 and 
therefore 


first announcement of photography was made in 
Oersted died in 1851. 


taken during the first dozen years of the practice of photography 


The above photograph was 


Faraday, David Brewster, and Sir Roderick Murchison, 
the geologist. On returning home he became secretary 
to the Royal Society of Sciences in Copenhagen and a 
director of the Royal Polytechnic Institute which he 
had founded in 1829 as a result of the impressions made 
upon King Frederik VI; this college still continues as 
the primary source of engineering education for Den 


mark. 


he treasured most was the 


Among the many honors granted him, the one 


award of the Grand Cross ol 
the Dannebrog in 1847. 

By every channel open to him, Oersted pursued, his 
mission for science to which he was so deeply dedic: tec. 
His lectures, including a series of popular lectures to 
fields of 1829, he 


founded a monthly journal of literature to 


ladies, covered many science. In 


which he 


contributed many scientific essays. In 1852, in London 


book in both 


Soul in Nature. 


these were subsequently published as a 
Danish and English under the title The 
\s a result of continued study, correspondence, and 
travel, he became fluent in German, French, Latin, and 
English in addition to his native Danish. He helped in 
the founding of a society for the promotion of the 
freedom of the press. In November 1850, the jubilee 
Oersted University of 


The 


King sent a deputation of ministers; professors and stu- 


of the association of with the 


Copenhagen was celebrated as a national holiday 


dents joined the public in their congratulations to one 
The 


Oersted a country house near Copenhagen which had 


of Denmark’s greatest citizens. government gave 


formerly been occupied by his old friend, the writer 
Oehlenschlaeger. A procession of students bearing torch- 
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lights proceeded to welcome him in his new home; they 


came singing verses in his praise as they marched. 

But these honors were to be short-lived for on March 
9, 1851, he died. The students bore his remains at night, 
again by torchlight, to the old university, chanting 
verses composed for this sad occasion. The King was 
represented in the funeral procession, and the crown 
prince, along with ministers and foreign ambassadors, 
showed the high esteem in which Oersted was held. 
Over 200,000 people from all walks of life joined in the 
procession. 

\s we face the nuclear age we can note the progress 
in the expansion of our knowledge of electromagnetism, 
and use it as an index of general science. Electromag- 
netism has become the major force in the generation, 
distribution, and use of electricity, without doubt our 
most useful aid 

No ancient seer could have prophesied man’s ability 
to control such enormous blocks of power, such integra- 
tion of networks covering such vast land areas, or put 
to such a wide order of usefulness. No dreamer could 
have anticipated obtaining such a delicacy of control, 
or the extension of man’s limited faculties by acquiring 
electric devices like the telephone, the cinema, televi- 
sion, the electron microscope or radar astronomy. All 
had their beginnings in the discovery of electromag- 
netism. 

Now there is scheduled a research project at the Mas- 
sachusetts Institute of Technology’s Magnet Laboratory 
to produce intense magnetic fields for helping in under- 
standing the nature of matter and energy by learning 
even 


more Available 


to this $10 million research project will be 32,000 kw 


about electricity and magnetism. 


of electric power, enough to provide the full needs of 


some cities 


Oersted’s hunt for interrelationships between the 


forces of nature has been picked up by the younger in- 
vestigators in succeeding generations. Such hunger for 


greater knowledge continues to distinguish man from 


his fellow creatures. 
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Current Asymmetry in 


Resistance-Reactance Circuits—Il 


E. T. B. GROSS 


FELLOW AIEE 


HE value of the ratio of asymmetric to symmetric 
pen current is an important parameter in the eval- 
uation of asymmetric current effects on electric protec- 
tive devices. For the simple resistance-reactance circuit 
(Fig. 1), the ratio of asymmetric to symmetric rms cur- 


Fig. 1. Circuit dia- 
SWITCH instanta- 


gram and 
neous current i. Cur- 
rent zeros at tf — O 


andt—T 








AA. 
; 


rent, for the first current loop, for different values of 


power factor of the circuit, and for varying points of 


short-circuit initiation on the voltage wave has been 
evaluated accurately. The instants of short-circuit ini- 
tiation on the voltage wave which lead to the maximum 


values of the ratio of asymmetric and symmetric rms 


current for different power factors of the circuit can 


also be found. 

The large number of computations involved and the 
solution of transcendental equations suggests the use of 
a digital computer for the determination of the current 
ratio. Fig. 2 shows some of the typical curves, obtained 
from the output of the computer and giving relations 
between power factor of the circuit and current ratio for 
various values of ». At the instant the short circuit 
occurs, ¢ is the angle by which the voltage phasor has 
advanced from its position at zero instantaneous value. 
Fig. 3 shows the maximum current ratios at different 
power factors and the switching angle ¢ at which each 
maximum occurs. 

1.7662; 


it occurs when the circuit power factor is 0.005 and the 


The maximum value of the current ratio is 


angle o is 12 degrees. The curves reveal that the maxi- 


Digest of paper no, 61-783, recommended by the AIEE Switchgear Com 
mittee and approved by the AIEE Technical Operations Department for 
presentation at the AIEE Summer General Meeting, Ithaca, N. Y., June 
18-23, 1961. Scheduled for publication in AIEE Power Apparatus and 
Systems, 1961 

E. T. B. Gross and B. 
nology, Chicago, Ill 


[Thapar are with the Illinois Institute of Tech- 
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Gross, Thapar—Current Asymmetry in R-X Circuits 
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Fig. 3. Maximum current ratio at different short-circuit ratios, and 


angle © at which this maximum occurs 


the ratio for different 


factors is never less than unity and is equal to unity at 


mum value of current powel 


power factor 0.85 for an angle @ equal to 30 degrees; 
when the power factor is greater than 0.6 the effect of 
is small and the maximum 


The 


Fig. 3 should be useful in setting up 


asymmetry of the current 


value of the current ratio is between | and 1.1. 


curves shown in Fig 
tests for determining the maximum interrupting ability 
of power fuses and in the application of power fuses in 


order to utilize their maximum interrupting capability. 
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A. Solid-State Electronic 


Industrial Processes 


Control System for 


Se oF 


KOPPEL 


MEMBER AIEE 


A control system must be reliable to the extent 
that component failure is infrequent, signal loss 
and component failure can be monitored, and 
servicing and check-out are easy. An electronic 
system having these features as objectives, and 
designed for adaptation to automatic start-up 


and computer-supervised operation, is de- 


scribed. 


HE COMPLENITY and critical control require- 
ments of modern industrial processes make it de- 
sirable to consider control of the various process 


loops on system-wide basis. This approach requires 


that process controllers be considered not as separate 


single-element controllers, but as computing devices 


designed to fulfill specific mathematical functions. 


The most frequently used electronic process con- 


troller is a device giving proportional plus integral and 
sometimes derivative action, packaged with a transte1 
station in a panel-mounted assembly. This philosophy 


is We idaptable to systems which contain but one 


transmitter, one controller-selector station, and one 


ontrol element. However, for systems olf greate1 


the single-element controller—selector § sta- 


tion lac flexibility, because it usually requires more 


control] ind several varieties of linear and nonlinear 


comput rmements 


Once basi operational requirements are met, 


factor in control system 
With 


owing practices have been followed in 


probably most important 


and component design is reliability. reliability 


in mind, the foll 
the svstem described here 


1. The circuit techniques embody up-to-date designs, 
is well as reliable industrial grade components, derated 
Vacuum tubes and gaseous discharge 


eliminated in 


by at least 50°! 


devices have been favor of solid-state 


components. In addition, the use of components having 
moving parts is kept to a minimum 


Manual-to-automati and  automatic-to-manual 


transfer are accomplished instantaneously without r 


quiring careful signal balancing by the operator, thus 


avoiding system upset. Additionally, wires that inte: 


connect the control loop are not brought into the selec 


tor station. If the cable between the selector station and 


control cabinet is cut, the svstem will go to manual 


onference recommended by the 


paper CP61-174 AIEE 
ling Instruments Committee for presentation at the 
Meeting, New York, N. ¥ Jan. 29-Feb. 3, 1961 
Ohio 


the Bailey Meter Company, Cleveland 
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operation, holding the final operator where it was pre- 
vious to the accident. 

3. Operation of controller amplifiers can be contin- 
uously monitored by an alarm circuit operated from the 
controller amplifier summing points, whose voltages 
should normally be zero. If they are not, the alarm 
monitor throws the system to manual or locked opera 
tion, 

1. To allow easy servicing and replacement of com- 
ponents, each functional unit in the control system is a 
plug-in device with accessible input and output check 
points. Interconnecting cables are not used because they 
are a potential source of trouble; Blue Ribbon connec- 


tors are used exclusively. 


SIGNAL LEVELS 


IN THE DESIGN of an electronic control system, it is nec- 
essary at an early stage to choose a signal for use between 
the transmitter and the control room, and between the 
control room and the final element. Three types of con- 
trol signals in common use are alternating voltage, 
direct current, and direct voltage. The alternating-volt- 
age types are unique in their simplicity and their low 
cost in systems using movable-core transformers as posi- 
They chosen as the 


tion measuring devices. were nol 


standard signal in the system described here, since 


electrostatic and magnetic pickup into the measuring 
wires from nearby power wires, as well as line capaci- 
tance, causes out-of-phase voltages to be induced in the 
transmission lines, thus degrading the transmitted 
signal. \lthough some of these limitations can be over- 
come by shielding, the advantages offered by inexpen- 
sive unshielded wiring seem predominant. 

Several commercial electronic control systems use 
direct current as the standard signal. The maximum 
and minimum values of current are generally in the 
range of | to 5 milliamperes, although some zero-based 


signals are available. 
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ow 
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Fig. 1. Schematic diagram of movable core transformer and demodu- 


lator 
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Investigation of systems using a current standard 
signal shows that in most cases this current must produce 


a magnetomotive force, either to rebalance a force or 


motion balance transmitter, or to be applied to a torque 


motor in an electromagnetic structure to actuate a 
pneumatic or hydraulic final element. 

The control system described here uses direct voltage 
as a standard transmission signal. The pressure, flow, 
and level transmitters used presently in the system 
utilize a movable-core transformer as a position trans- 
ducer. Since this transformer is a_ voltage-producing 
device, no amplification is required at the transmitter 
and there is no need for a current to provide a rebalanc- 
ing force. When force balance transmitters are used in 
the system, these can have their current outputs con- 
verted to a voltage by a dropping resistor. 

Torque motors will continue, of course, to be used in 
systems which utilize electropneumatic or electrohy- 
draulic control drives. While voltage and current sig- 
nals are both adaptable to these, the author feels that 
in a few years all-electric modulating control drives 
will find wide use. These drives have voltage position 
tiebacks which are compared with the output voltage 
signal from the control room. Hence, when electric 
drives are used, the necessity for a current signal in this 
part of the control loop is eliminated and a voltage 
signal preferred. 

Inside the controller, reset and rate action can easily 
be accomplished with voltage signals, as is done in 
analog computers; the same is true for signal limiting, 
auctioneering, and most of the other computing func- 
tions. For this reason, practically all present electronic 
controllers, as well as all analog computers, use direct 
voltage signals internal to the controllers to obtain 
different control actions. A voltage system appeared to 
have certain advantages in reliability, since recorders, 
relays, and other auxiliary devices are placed across the 


transmitter signals rather than in series with the loop. 


ceed Beowwe----—-- 
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Fig. 2. Pressure trans- 
with 
and demod- 


mitter trans- 


former 


vlator 


Once the type of signal to be used had been chosen, 


it became necessary to determine a signal range and 
zero suppression. From the standpoint of controllet 
zero drift, which is an inherent property of the con- 
troller amplifier, it is desirable to keep the voltage 
range as high as possible; the higher the signal range, 
the lower the zero drift as a percentage of full range. 
Since with the transistor controllers used the input drift 
observed over wide temperature ranges is of the order 
of 50 millivolts, a 50-volt range is normally used, estab 
lishing a zero drift of about 0.1°%. Alternate ranges 
could be used with corresponding changes in accuracy. 

\ zero-center signal was preferred as a standard be- 
cause it affords better accuracy and utilization of equip- 
ment. Since the movable-core transformers and signal 
amplifiers for thermocouples, resistance thermometers, 
etc., are all 60-cycle carrier-type devices, phase-sensitive 
output demodulation results in equally accurate d-¢ 
output on either side of zero. Such devices are also most 
linear and reproducible around the zero point. In addi- 


tion, the operational amplifiers used in the controllers 


Fig. 3. 


converts 


Schematic diagram of amplifier which 


resistance thermometer outputs into 


standard direct-voltage signal 
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inherently produce outputs which vary equally on both 
sides of zero. Thus, operation at ranges other than zero 
center would involve biasing various components, re 
sulting in greater equipment complexity and no ac- 
Where it 


signal for loss of line by distinguishing between signal 


curacy improvement is desired to monitor a 


zero-and open line, the transmitter output can be biased 


to produce a composite elevated voltage range, the set 


point adjustment in the control room being calibrated 


to the same range, in order to match the transmitted 


output 


PFRANSMITTERS AND SIGNAL CONVERTERS 


TRANSMITTERS used in industrial process controls can 
usually be classified into two types: (1) those which pro- 


wd 


duce mechanical position output, and (2) those which 


yield voltage or current outputs. 
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Flow, level, and differential pressure transmitters use 
movable-core transformer position transmitters giving 
electric a-c outputs which are demodulated by silicon- 
diode full-wave bridges to produce the standard 
signal. Stability of 


25- to 


4+25-volt d-c these transformer 


demodulators is 0.259, over a 40 to 140 F range. 

The movable-core transformer and demodulator are 
shown schematically in Fig. |. Each secondary winding 
is applied to a separate full-wave demodulator, the two 
outputs then being subtracted from one another and 
filtered. Fig. 2 shows a typical pressure transmitter with 
the transformer and demodulator. Temperature com- 
pensation is accomplished by a thermistor—resistor net- 
work on the primary side of the transformer. 

Transmitters such as thermocouples, resistance ther- 
mometer bridges, and gas analyzers produce low-level 


voltages which are amplified by solid-state amplifier / 
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Fig. 4. Schematic diagrams of typical action units 
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On 


demodulators, to produce highly linear —25- to +25- 
volt outputs. Fig. 3 shows a schematic diagram of an 
amplifier used to convert resistance thermometer bridge 
60-cycle outputs to the standard direct-voltage signal. 
The amplifier consists of three sections. The low-level 
section has three direct-coupled transistor amplifier 
stages in which the bias of the first two stages is obtained 
from the emitter of the succeeding stage, for gain and 
bias stability. An emitter resistor common to all three 
stages is used to provide high input impedance, to stabil- 
ize the gain, and to provide a range adjustment. The 
second section consists of two  transformer-coupled 
stages, feedback stabilized by a tertiary winding on the 
output transformer to provide gain stability and tem- 
perature compensation. The a-c output is applied to a 
ring demodulator whose direct-voltage output is filtered 
with a 2-stage R-C filter. The amplifier is linear to with- 
in 0.59% of full range with wide temperature changes, 
and has an input impedance of more than 2 megohms. 

Note that the outputs of all transmitters have floating 
grounds; that is, the ground is established at the con- 
troller rather than at the transmitter. Thus, it is pos- 
sible to connect the transmitter so its Output can impose 


either direct or inverse action on the final element. 


CONTROLLING DEVICES 
THE CONTROLLERS used in the system utilize d-c op- 
erational amplifiers with the proper input and feedback 
resistances and capacitors to produce the desired control 
actions. Controllers are classified into control action 
units such as rate unit, reset unit, proportional, sub- 
tracting, or summing units, or combinations thereof. 
Schematic diagrams of typical action units are shown 
in Fig. 4. The controllers have adjustable gains of 0.5 
to 20, reset rates of 0.1 to 50 repeats per minute, and 


rate times of 0.04 to 10 minutes. 
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The transistorized controller is shown schematically 
in Fig. 5. It uses a 60-cycle carrier-type amplifier, thus 
minimizing the number of transistors by not requiring 
an oscillator. The summing-point voltage, or difference 
between input and feedback voltage, is changed to 60 
cycles a-c by a full-wave ring modulator using low-leak- 
age diodes. The alternating voltage is amplified by a 
5-stage transistorized amplifier, comprising three stages 
of direct-coupled amplification, one R-C coupled stage, 
and one stage of transformer coupling. The amplified 
a-c output is changed to phase-reversing direct current 
by a full-wave ring demodulator. The amplifier has 
sufficient output to supply +25 volts to a load of 5,000 
ohms continuously, and has an open loop d-c gain of 
approximately 600. Filtering is employed to make the 
controller immune to 60-cycle voltages which may be 
induced in the input wires. The drift of the ampliher 
between 40 and 140 F is approximately | millimicro- 
ampere referred to the input, corresponding, under 
worst conditions, to about 50 millivolts or 0.1°% drift. 

A summing-point monitor, shown by Fig. 6, can be 
used with the controllers to indicate malfunction of the 
operational amplifier or its feedback loop. It consists 
of a high-gain amplifier with a positive-feedback loop, 
the feedback 


diodes, DI and D2. The diodes are connected in series 


being applied across two low-leakage 


with a high-value resistance to the summing point, and 
are a-c coupled through a capacitor to the input of the 
monitor amplifier. When the summing point is near 
zero, indicating proper amplifier operation, the diodes 
have a very high resistance. Thus, regenerative feedback 
may be applied to the amplifier, causing it to oscillate. 
The oscillations, the frequency of which is determined 
by a twin-T circuit within the amplifier, are demodu- 
lated and energize a relay as long as the summing-point 


voltage is nearly zero. If a controller failure occurs, the 


nae 
200 





Fig. 5. Schematic diagram of transistorized controller 
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summing point will deviate from zero, causing one of 
the diodes to conduct. The regenerative feedback volt- 
age is then nearly short-circuited out, the amplifier 
stops oscillating, and the monitor relay drops out, caus- 
ing either alarm or transfer to manual operation. If 
the monitor itself fails, the relay drops out. 

It is often necessary to select automatically the largest 
or smallest of a number of quantities. This is done by an 
auctioneering circuit, shown in Fig. 7. The inputs to 
be auctioneered are placed in series with silicon diodes, 
the cathodes of which come to a common point. The 
largest (most positive) signal causes its diode to be 
forward biased, thus reverse biasing all the other diodes, 
and permitting only the largest input signal to reach 
the output. The voltage source shown is used to over- 
come the forward drop of the diodes, and to extend 


the range of the auctioneer down to —25 volts. 


SELECTOR STATIONS 

ELECTRONIC process control systems contain manual— 
automatic transfer stations, to permit the control of 
the measured variable to be taken over from the auto- 
matic control system by a human operator. 

Transfer stations normally require a human operator 
to make a manual balance by turning a knob and watch- 
ing a pointer before the manual—automatic or automa- 
tic-manual transfer can be made. This is necessary to 
prevent an upset in the process caused by a step input 
to the final element. In completely automatic processes, 
in which transfer of manual to automatic and automatic 
to manual may be done by data-handling systems or 
process-control computers, it is required that the human 
operator be eliminated from the transfer operation, at 
the same time avoiding process upsets. 

The control system described here uses selector sta- 
tions which are adapted for automatic plant operation 
by providing the following characteristics: 


|. They allow instantaneous transfer in both direc- 
tions without process upset, and require no balancing 
or pointer comparison prior to transfer. 

2. In applications where automatic start-up or auto- 
matically sequenced operations are required, it is not 
necessary to have a human operator present to transfer 
in either direction. Transfer can be accomplished by 
transmitters or computed signals reaching certain levels, 
completion of a sequence of operations, or other auto- 
matically initiated impulses. 

3. The only wires brought to the remotely located 
selector station are transfer-initiating wires. No control 
signal intelligence is brought to the selector station, 
except for indication where required. 

4. In case of controller failure, the system can auto- 
matically be thrown to manual operation, thus causing 
the drive to remain locked until the operator pushes 


the “raise’’ or “lower” button. 


The circuit for transfer from manual to automatic 
operation, using a proportional plus integral controller, 
is shown in Fig. 8. In order that process upsets may be 
avoided, it is necessary that immediately after transfer 
to automatic operation, the signal to the final operator 
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be the same as the drive position or manual loader sig- 
nal was immediately before transfer. The transfer func- 
tion of such a controller, when on automatic, is 


K (: ioe K-— 
ST ST 
where K is the proportional gain and T the reset time 
constant. 
When the system is on manual, the contacts on the 
manual—automatic switch cause the controller to be a 
proportional controller with a |-to-] gain and no reset, 


The right side of the 


ins 


so that its output is merely I 
reset capacitor receives the manual loader or drive posi- 
tion voltage, attenuated by the gain potentiometer, so 
that the voltage at this point from ground is E,,/A. The 
voltage on the left side of the capacitor is em ahe 


total voltage across the capacitor is then 


Ein 


The total voltage from point Y to the summing point 


(virtual ground) immediately after switching is 


Therefore, the output of the controller immediately 
alter switching is 


E, ae x K= E, 

This shows that after switching, the controller output 
equals the manual loader voltage, resulting in bumpless 
transfer, 

The method of transfer from automatic to hand de- 
pends upon whether electric or pneumatic drives are 
used. When electric control drives are used, transfer to 
manual is accomplished by pushing the “manual” 
button or otherwise initiating the impulse to go to 
manual. The drive is then locked in place by a brake, 
which is small in a unit having gear reduction, since the 
braking is accomplished on the high-speed side. The 
brake will remain engaged until a “raise” or “lower” 
impulse is initiated, at which time it moves for the 
duration of the impulse. 

When pneumatic drives are used, conversion from an 
electric to a pneumatic signal is accomplished by an 
electropneumatic converter located at the control drive. 

Transfer to manual is explained with the aid of Fig. 
9. A transistorized servo follower is used to allow the 
manual loader voltage continuously to follow the con- 
troller output when on automatic, so that the voltage 
output of a motor-driven potentiometer on the follower 
duplicates the controller output. When the system is 
switched to manual, the servo follower, which now is 
disconnected from the controller but whose output 
holds the voltage present just before transler, acts as 
a manual loader for the drive. The servo becomes locked 
in place and its position, and hence the drive position, 


cannot be changed until the “raise” or “lower” push 


SEPTEMBER 196] 


Fig. 10. 
station 


Selector 


Transistor 
Tristable 
Amplifier 


Differential 
ransformer 
osition 
ransmitter 
Transmitted 
Output of 
Controller 


Fig. 11. Block diagram of electric drive servo system 


Fig. 12. Typical gear 
motor drive installa- 
tion 


Koppel—A Solid-State Control System 





OUTPUT 
PRESSURE 





BOOSTER | 
|| 
| |ROUGH ZERO 
| | ADUUSTMENT 








FEEDBACK 
BELLOWS RANGE 
- (A) _—, SPRING 


| | 
FORCE || > 
SPRING = 
nozz._eV S 

VANE 


\ 


HINGE 
POINT 


button at the selector station is pressed, or equivalent 
computer impulses are obtained. When this occurs, the 
input to the servo follower is connected to a voltage 
source of reversible polarity to drive the servo follower 
up o1 down, changing the position of the drive. The 
front of a typical selector station is shown in Fig. 10. 


FINAL OPERATOR ACTUATORS AND AMPLIFIERS 


['wo types of final operators are designed for the 
system: contact operated constant speed operators and 
pneumatic operators. Electric control drives are of the 


gear motor type. They use worm gear reductions and 


are self-locking in case of power interruption. The 
controller output is compared against a drive position 
ticback signal derived from a differential transforme1 
and demodulator, as shown in Fig. 11. The drive char- 
acteristic can be linearized with a cam. The difference 
between these signals is fed into a transistorized tristable 


amplifier which operates a raise or lower relay, as called 


for by the controller output signal. The amplifier con- 


sists of a diode full-wave ring modulator, a single-stage 
a-c amplifier operating with a 60-cycle carrier, and a 


phase-sensitive discriminator. A dead-band adjustment 


Fig. 15. System cabinet, 
front view 
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Fig. 13 (left). Schematic of force balance elec- 


tric-to-pneumatic converter. Fig. 14 (above). 


Transistorized buffer amplifier for use with elec- 
tric-to-pneumatic converter 


is provided in the amplifier to prevent hunting. A typi- 
cal gear motor drive installation is shown in Fig. 12. 
When pneumatic drive or valve operators are em- 
ployed, the voltage tieback approach is not used. In- 
stead, the controller or manual loader output voltage is 
applied to a force-balance electric-to-pneumatic con- 
verter, shown schematically in Fig. 13, located near the 
drive. The input signal is applied to a torque motor T 
which produces a small motion of a coil in a magnetic 
circuit biased by a permanent magnet. This deflection 
causes a change in the vane-nozzle distance, changing 
the nozzle back pressure, which is amplified by a pneu- 
matic booster to produce a new output air pressure. 
This output pressure is also applied to feedback bellows 
A to restore the original vane-nozzle relationship. Be- 
cause of the high gain of the booster, the change in 
vane-nozzle distance is very small. A transistorized buffer 
amplifier is used to amplify the output of the selector 
station for application to the electric to pneumatic 
converter. This amplifier consists of a single-stage push- 
pull common collector stage, designed to operate from 
the —25- to +25-volt signal, and is shown in Fig. 14. 


PHYSICAL DESIGN OF SYSTEM CABINETS 


AS PREVIOUSLY STATED, the nature of modern processes 
requires that control equipment be considered on an 
integrated or system-wide basis. The physical means of 
mounting the equipment must be designed in keeping 
with this philosophy. 

Fig. 15 shows a number of plug-in modules installed 
in a system cabinet which houses all control-room- 
mounted equipment except the selector stations. All 
modules have their supply and output wires brought to 
a centralized interconnection center, called the wiring 
plane, at the rear of the cabinet. In addition, modules 
have input and output check points brought to the 
front. 

In computer supervision of process control systems 
it is often necessary to incorporate digital data-handling 
equipment or servo analog computers into the total 
control or computing loop. With this in mind, the 
system cabinet was designed to receive combinations of 
analog control equipment, data-handling modules, and 
analog servo computation equipment for the calcula- 
tion of heat rates and other efficiency criteria. 
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A New Current-Limiting Motor-Starter Fuse 


F. L. CAMERON 
ASSOCIATE MEMBER AIEE 


afford 
short-circuit protection, are used in conjunction 


IGH-voltage motor-starter fuses, which 
with a contactor and relays co-ordinated to protect the 
motor from excessive long-time overloads. 

Desirable characteristics of current-limiting fuses 
which make them particularly suitable tor this usage 
are: (1) The interruption of large available fault cur- 
rents without any expulsion of gases or solid materials, 
and without violence or noise; (2) Limitation of peak 
currents and energies to values less than that repre- 
(3) Ab- 


sence of any moving parts required to effect interrup- 


sented by the available short-circuit current; 


tion. 

There are additional requirements of motor starting 
which demand that special design features be incorpo- 
rated. A high thermal capacity is necessary to permit 
the fuse to ride through high initial starting currents 
which may be as great as six times the full load rating. 
A motor-starting 


> 


fuse should be fatigue-proof; that is, 
repeated flexing of the elements, in response to the 
heating caused by starting currents, must not damage 
or break the elements, The fuse should have good low- 
current interruption characteristics to permit successful 
co-ordination with the contactor and relays which pro- 
tect the motor from excessive long-time overloads. 

For effective operation as a current-limiting interrup- 
ter, the fuse must melt on the steeply rising slope of 
the current wave before the first current peak of the 
alternating wave is reached. The rate of rise of this cur- 
rent and the are voltage generated and maintained by 
the fuse are the essential ingredients of its successful 
operation. The arc-voltage characteristics of various 
fusible elements operating in a variety of environments 
were studied through the use of cathode ray oscillo- 
grams of surge generator discharge. The rate of rise of 
the current discharge and the peak currents permitted 
were accurately controlled by discharging the surge 
generator through the test sample and a series induc- 
tance of adequate and adjustable capacity. This ap- 
proach proved very valuable in the development of a 
high-current interrupting means. 

The study of low-current characteristics was expe- 
dited by utilizing each sample twice. Minimum melting 
characteristics were obtained at very low voltages which 
would fail to initiate any significant amount of ele- 
ment burn-back. The development samples could then 
be again used to determine clearing characteristics at 
high voltages. This was possible as the impressed high 
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voltage would immediately flash over the short open 
gap in the elements. The interrupting abilities for cur- 
rents even less than the fuse minimum melting could 
be checked in this manner. 

Still to be considered at this stage of the development 
was the effect of fatigue loading on a fuse built along 
the lines indicated by the preceding work. Accord- 
ingly, a load-cycling device was constructed by means 
of which the fuse could be heavily loaded for some 
seconds (representing the starting time for a motor) 
after which the current would fall to and be main- 
tained at the full load rating of the fuse for a number 


would then be discontinued 


ah b 


! ! 
.e) 10 MIN, 
NSE 


5 MIN. 


of minutes. This current 


Fig. 1. Typical simvu- 
lated motor-starting 
duty cycle. 





AMPERES 





TIME 


brief rest of several minutes 


before commencement of the next cycle. All times and 


and the fuse allowed a 
currents could be readily varied to permit a wide range 
of cycling tests. A typical duty cycle is shown in Fig. 1. 

It was found that a straight fusible conductor run- 
ning parallel to the axis of the fuse tube performed 
quite poorly from the standpoint of fatigue. Investiga- 
tion indicated a pronounced flexing of the fuse ele- 
ments which occurred in response to the expansion 
and contraction of the silver strap as the fuse loading 
was varied. This flexing would localize at one or two 
spots in the element, and would eventually cause the 
conductor to physically fracture. Modifications of the 
fuse assembly were made where the element was wound 
in a helix. Other approaches tested included physically 
supporting the element, or subjecting it to various 
types of pre-bending operations. The most successful 
and practical means of elimination of fatigue failure 
of the elements was achieved by a uniform and symmet- 
rical pre-bending where each bend, occurring at 14-inch 
intervals along the length of the element, was to an 
included angle of approximately 120 degrees. This pre- 
bending apparently causes the expansion occurring in 
the element during heavy loading to be uniformly dis- 
tributed along the current-carrying member, with the 


result that the variation in stress intensities at any one 


point of loading is kept within the endurance range of 


the metal, and the element does not break. 
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Concrete and Abstract Quantities and 


Units after Rationalization 


M. K. 
ASSOCIATE 


The discussion, begun by F. B. Silsbee,' is con- 

tinued on the question whether the revealed dif- 

ferences between concrete and abstract quanti- 

ties and units require separate names to avoid 

any ombiguity. The origin of these differences is 

clarified but the author contends that new names 
are not justified. 


N AN article 
Units r. B 


clusions The 


entitled “Does Rationalization Change 


Silsbee! justified the following con- 


process of total rationalization (1) 


does change the coefficients in certain measure equa- 
tions 2) does change coeflicients in the 


the corres- 


ponding quantity equations; and from the “classic” 


point ot view ») does not change any concrete quan- 


tity; while from the “modern point of view it (5) 


does change certain abstract quantities, but (6) does 


not change abstract units.” 
hece cr . ; hich give iking descrip- 
these concise statements which give a striking descrip 


any One can but support 


tion of differences in opinion caused by the fact that 


concrete 


ind abstract quantities and units do not cor- 
respond exactly before and alter rationalizing electro- 
magnetic field equations. 


Finally, Silsbee that distinction 


ognized long ago, and he asks for new names. The aim 


regrets was not rec- 


of the following is to make clear where the difterences 


between concrete and abstract quantities and units 


come trom, ind to show that new names are not 


nec ce dl 


A SHORT SURVEY OF QUANTITY CALCULUS 


EQUATIONS THAT DO NOT REFER to 


pure numbers 


1lone have been in use for many years. They are well 


known as the following may prove 


Che United States yard is often given by 


3.600 


1 U.S. yard meter (1) 


3937 


In the ces (centimeter-gram-second) system of units, 


the unit of force is connected to the three basic units: 


centimeter (cm), gram (gm) and second (sec) by the 


expre ssion 


y 4 
gm X cm 


lyne l (2) 


Sec 


The unit of resistance is sometimes expressed by the 


units of length, mass, time, and electric charge as fol- 


lows: 
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: 2 
watt kilogram X meter 


1 ohm l- , 
ampere” 


(3) 


coulomb” X second 


The relation between electric charge or electric 


quantity and current and time has been written as 


quantity 


current X time (4) 


Very often one finds in the literature equations such 


as the following, giving the velocity of light in vacuo: 


2.99792 & 10° m per sec (5) 


For the calculation of the area of a rectangle, the 
following series of equations may be used: 


4 feet X 2 yards = 8 X 1 foot X 1 yard 
24 X 1 foot X 1 foot 24 X 12 inches X 12 inches 
3,456 square inches (6) 


In equation | the sign of equality can not be justi- 
fied by the numbers 3,600 and 3,937 alone; the parts 
“iS. 


constituent elements of the equation. In equation 2 


yard” and “meter” are also necessary; they form 
the numbers | might not be written, the essential parts 
beine the unit name, dyne, and the unit symbols gm, 
cm, sec. In equation 3 the unit names ohm, watt, am- 
pere, kilogram, meter, coulomb, and second build up 
products and quotients. Names of physical quantities 
are used in equation 4. In equation 5 the velocity of 


light is expressed by the number 


2.99792 


the product of 
108 and the unit symbol m per sec. In the 
series of equations 6, products of products of numbers 
and names of units are used. This last example is 
taken from an article published in 1888 by Lodge.* 

Indeed, multiplying a numerical value by a unit ts 
of long usage. As is well known, it was familiar to 
Maxwell. The first paragraph of the first article of his 
famous treatise reads as follows:* “Every expression of 
a Quantity consists of two factors or components. One 
of these is the name of a certain known quantity of the 
same kind as the quantity to be expressed, which is 
taken as a standard of reference. The other component 
is the number of times the standard is to be taken in 
order to make up the required quantity. The standard 
quantity is technically called the Unit, and the number 
is called the Numerical Value of the quantity.” 

sut in the second paragraph of the second article 
Maxwell “The 


must be such that a person of any nation, by substitut- 


writes, formulae at which we arrive 


ing for the different symbols the numerical values of 
the quantities as measured by his own national units, 
would arrive at a true result.” In accordance with this 
statement, Maxwell later one used only measure equa- 
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tions, not quantity equations. But, with a coherent sys- 
tem of units, the forms of the measure equations and of 
the quantity equations are exactly the same because the 
units cancel out. 

Lodge,” in 1888, published an article entitled “The 
Multiplication and Division of Concrete Quantities,” 
at the end of which he states that the equations be- 
tween numerical values alone ‘“‘are only special deduc- 
tions from the higher kind of equation: from the true 
fundamental equations which exist among the quan- 
tities themselves.” 

In 1922, Wallot* started a renaissance of these earlier 
ideas involving equations between quantities, based on 
the statement: Quantity = numerical value unit. 
And he was very successful. Quantity calculus is now 
firmly established in central Europe. Wallot’s book® 
gives a good survey of the working power of quantity 
calculus and of many problems in connection with it. 
But epistemologic questions are not discussed. Many 
quotations refer to the rich literature on the subject. 

Two questions remained unanswered for a long time: 
Is the combination of a numerical value and a unit 
really a product? And are mathematical operations 
really feasible with physical quantities themselves? In- 
deed, the concepts of product and quotient were de- 
fined in algebra first for numbers only. Then they were 
expanded to complex numbers, in accordance with the 
principle of the 


of mathematical laws. 


Vectors, tensors, matrices followed. In the concept of a 


permanence 


“field,” which is familiar in abstract or higher algebra, 
two sorts of mathematical operations, called “composi- 
tions,” are defined: one called addition, the other mul- 
tiplication. The inverse operations, that is, subtraction 
and division also exist. For a “group,” which is another 
subject dealt. with in abstract algebra, only one com- 
position and its inverse exist. They may be called 
multiplication and division. Such items are treated in 
books dealing with abstract algebra, for instance, by 
Jacobson® and Stoll.? The reason for applying these 
names for operations performed with other “elements” 
than numbers is that the laws governing such opera- 
tions are the same as the laws ruling addition and mul- 
tiplication of numbers. An illustrative example of a 
group is the group of permutations described in the 
Appendix. Permutations can be composed and _ this 
composition may be called multiplication. 

In 1943, Landolt® applied the concept of group to 
the theory of physical quantities. San Juan worked on 
the same subject and published a book® in 1947. Deal- 
ing with the structure of the system of physical con- 
cepts, Fleischmann'® applied groups in 1951. Page, in 
1952, stated'' that 
needed only group properties. 

A first 


speaking of the product of a numerical value and a 


elements having dimensionality 


result is that one is on firm ground when 


unit as forming a physical quantity. As is generally 
done, we shall say “quantity” only, instead of “physi- 
cal quantity.” 

A second result is that it is correct to speak of prod- 
ucts and quotients of quantities. One can form products 
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and quotients of quantities as ordinary algebra does 
with numbers. For “quantities of the same kind” also 
addition and subtraction are allowed. Applying these 
mathematical operations to quantities is called “quan- 
character of 


tity calculus.” Generally, the geometric 


quantities, that is, the fact that quantities may be 
scalars, vectors, or tensors, is not retained in quantity 
calculus and will not be done in this text. 

Based on the first result, one may express a quantity 


X by the equation 
X = 127i, Xi. (7) 


where {X}, is the “numerical value” or the “measure” 


) 
and [X}], is the “unit,” the special system of units re- 
ferred to being identified by the subscript ,. 

If there are different units for the same quantity X, 
one belonging to the unit system a, the other to unit 


system 6, one has from equation 7 
X = {x}. [x {X}o [X]. 


Hence, 


(8) 


It is well known that when units are changed, numeri- 
cal values change inversely. Or, in more scientific 
language, numerical values transform “contragredient” 
to units. 

For example, in the International System of Units 
(SI) as adopted in 1956 by the International Com- 
mittee of Weights and Measures and identified by the 
subscript s;, the unit of force F is the newton N; in the 
cgs system, identified by the subscript 


eg the dyne is 


the unit of force. Therefore one has 


[ F]sy N and [ F] dyne (9) 


egs 


From equations 8 and 9 one may conclude that 


[ Fls1 7 
F} g - - { F}s1 


~ — [Flegs 
Because the “unit equation” 
1 dyne = 10-° N 


holds, equation 11 results: 


{ F} coe = 10° { F}s1 (11) 


A third result of applying group theory to quanti- 
that 


pressed correctly in the following manner: 


ties is every “derived quantity” X might be ex- 


. eat x 
X = {X}_[Ail, 
Here X is an “element” 


[A, le [42]. . 


the n 


(12) 


of the group ol quanuties, the 


..[A,], are (besides the numbers { X},) 


“generating elements” of the group; they are 
called “basic units’’ and are particular values of the 
“basic quantities” 

Ay 

A2 = 


An= {Anha [Anla 
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Fie Cxponents: X4, Xgi> ss 9 Ry numbers. 


1 are pure 


\ system of units having m basic units is called an 


‘n-dimensional system of units.” The unit 


x 


A, 


1 


is called a derived unit.” 


As in ordinary algebra, 
(15a and b) 


(16) 
(17a and b) 


x J YX. CE HYD RZ X X (YXZ) (18a and b) 


lf, besides the quantity X given in equation 12, 


there exists also a quantity 


1o|” et 


I 2 “* “a 


and W 


(19) 


new quantities Z may be formed; they are 


defined by 


(20) 


(21) 


In introducing equations 12 and 19, the numerical 


VW x /} 


values and units of Z and JV are found to result from 


the numerical values and units of X and Y. 


ACTUAL PHYSICAL PHENOMENA AND 
SYSTEMS VS. QUANTITIES 


\ DISTINCTION MUST BE MADE between the actual 


physical phenomena and systems on one side and the 


quantities on the other side. The physical phenomena 


ind systems are “the real thing’; their models with 


respect to the measurable properties are the quantities. 
Thus 


phenomena and systems may not be. 


quantities are used in equations while physical 


An analogous difference between standards 


and 


EXISLS 


units; standards are special cases of physical phe 


nomena and systems, while units are special cases of 


quantities. Indeed, units are quantities which have by 


definition a numerical value of exactly | for a deter- 


mined system of units, and standards are embodiments 


of units and therefore material objects. In spite of the 
the 


unit and 


the 


difference in signification the name of a 


corresponding standard are generally same; for 


“meter” is the name of the unit in terms of 
unit “U.S. 


as well as the name of the standard bar preserved in 


instance, 


which the yard” is defined by equation | 


the International Bureau of Weichts and Measures at 
Sévres, near Paris. 


\ rather 


two sorts of units and quantities, one called “‘concrete,” 


subtle distinction must be made between 


the other “‘abstract.”” In most cases this existing differ- 


ence is of no practical importance; also it is not evi- 


dent, and may pass unnoticed. But in a few cases, as 


in rationalization, the difference becomes decisive. 


\ simple example may explain the situation: The 
unit of area is defined as the area of a square whose 
side length is unit of length, and the unit of volume is 


defined as the volume of a cube with the edge length 
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unit of length. Thus, for the international system of 
units (SI), where the meter is the unit length 


[ Veubelst m* (22) 


[Asquar Ist =m’, 
These are unit equations. For the area of a square 
and the volume of a cube the following quantity 
equations hold: 


(23) 


Asq are a", V. ibe a 
where a is the length of side or edge. For the area of 
a circle and the volume of a sphere with radius r: 


} 


Acircle Vsphere (24) 


3a 

The Babylonians had already used the square and the 
cube for defining units of area and volume. But let us 
assume as a working hypothesis that they had defined 
the unit of area to be the area of a circle and the unit 
of volume to be the volume of a sphere, both gener- 
ated by rotation of a line of unit length about one 
use these definitions, 


of its extremities. If we should 


our unit equations would be 


[A’cizcteln = m’*, [Venhere|n = 11" (25) 
In these unit equations, the system of the assumed 
sabylonian definitions is identified by the subscript 
n, and to avoid contradiction a prime is added to 
A and V. Another possibility would be to write (m?),, 
(m*),,. 

The consequence of 


and 
the assumed Babylonian defi- 
the following quantity equations 


nitions would be 


for area of circle and square and volume of sphere 


and cube: 


(26) 


” —_ 
I sphere 


W citie (27) 


the assumed Babylonian definitions 
(equation 25), which may be called “nonrationalized,” 
the usual SI 22), which may 


be called “rationalized,” exist; therefore besides quan- 


In addition to 


definitions (equation 


tity equations 26 and 27, equations 25 and 24 also hold. 


Now, the difference between concrete and abstract 


units becomes evident as follows: The concrete units 
of area which are given by a square of side length | m 
in the SI system and by a circle with radius | m in the 
n system (according to the assumed Babylonian defi- 
nitions) are connected by the unit equation 


1 
hon ee — [A cesstahe 
Tr 


SI 


Similarly, 


3 
[ Ve ubelgs he [ Votsehi (28b) 


Instead of these unit equations one could also write 


: I . , 
I(m*),, — (m*),, 1(m*)., (29) 


3 . 
— (m°), 
wT 4n 


The abstract units m? and m*, being powers of m, 
cannot by definition of powers have two different val- 
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ues for different systems of units. Therefore unit equa- 


tions 28 and 29 are not possible for abstract units. 


To avoid contradictions, one must use two pairs of 


quantities to describe the actual physical phenomena 
and systems, one written with prime, one without. 
But this duplicity does not exist in the actual physical 
phenomena of area and volume. 

The origin of these disturbing complications lies in 
the fact that the usual SI definitions and the assumed 
Babylonian definitions of units of area and volume 
assign two different physical significations to m? and 
also to m*. We are happy that this duplicity does not 
exist and was only assumed to illustrate the conse- 
quences of having two different definitions. 

Concrete quantities and units, being immediate men- 
tal representations of actual physical phenomena and 
systems, exist only when the latter exist. Abstract units, 
however, are mathematical compositions and therefore 
exist by themselves, as do abstract quantities as mul- 
tiples or parts of abstract units. For instance, the 
abstract unit m* exists as does the abstract quantity 
205 m‘, but no corresponding actual physical phe- 
nomenon and known; therefore the 


system are cor- 


responding concrete unit and quantity do not exist. 
Another example is negative masses; these exist only 
as abstract quantities. 

The relation between concrete and abstract quanti- 
ties and units is very intimate. Their differences be- 
come evident in special cases only. Therefore, different 
names would be not only unnecessary but disturbing. 
It is sufficient to speak in both cases of quantities and 
units the difference, if necessary, by 


and to indicate 


using the adjectives “concrete” and “abstract.” 

One may say that the set of concrete quantities and 
units can be “mapped” on the set of abstract quantities 
and units. The inverse is not always possible. Also, 
concrete quantities and units differ from their abstract 
correlatives by their minor degrees of abstraction. 

Koenig!” was first to state that two different concepts 
of quantities and units, that is, concrete and abstract 
ones, are used. Quantity calculus, as previously de- 


scribed, deals with abstract quantities and units. 


THE CASE FOR RATIONALIZATION 


RATIONALIZING THE EQUATIONS of the electromagnetic 
field means abandoning several equations and replac- 
ing them by some others, with the aim of making the 
factor 4x disappear where no spherical arrangements 
are dealt with. For instance, for a sphere and for a 


plane capacitor the two nonrationalized equations 


A 


Cephere r €n, Cplane a (30) 
4r 6 


are replaced by the rationalized equation 


Csphere dm rer, Cplane (31) 


where A is the area, § the distance between plates, r 
the radius of the sphere, and ¢ the permittivity. 


The consequences for magnetic field strength H are 


SEPTEMBER 1961 


Landolt—Concrete and Abstract Quantities and Units 


the following: the nonrationalized defining equation 
is based on a winding, conducting current / and is 
seen from the point, in which H, exists, under the solid 


angle wm. The defining equation is 


Hi, I grad w (32) 


(The minus sign is of no importance for units) 


The gradient of a solid angle being a reciprocal length, 
the unit of grad @ is m" in the International System 


of Units; therefore 


[grad w]sy i (33) 


Further, one has 


lZjs1 = A (34) 


Hence 


[H,|s1 A/m (35) 


Use of equation 32 for evaluating the magnetic field 


strength in an infinitely long solenoid yields 


(36) 


where / is the length occupied by N turns conducting 


current J, The rationalized equation foi the same case is 


(37) 
The unit of H, with 


and 


[2}s1 m (39) 


becomes 


{H,|s1 = A/m (40) 


The abstract unit 4/m based on the solid angle and 


referred to in equation 35 and based on the solenoid 
referred to in equation 40 does not correspond to the 
field 


strength, this phenomenon being in the latter case 4x 


same actual physical phenomenon of magnetic 


times as strong as in the former. For concrete units, 
therefore, 


(A/m), tr(A/m), (41) 


But this equation is not possible for abstract units, the 
quotient A/m having only one meaning in quantity 
calculus. To avoid contradictions in dealing with ab- 
stract quantities and units, one must distinguish be- 
tween the abstract quantities H, and H,. They are 


connected by 


H, 40 H, (42) 


9 


which follows from equations 36 and 37. 

Other quantities are also affected by rationalization, 
such as permeability, electric flux, electric flux density, 
and permittivity. 

The origin of all these complications lies in the fact 
that in defining some quantities and units in two dif- 
ferent wavs, in both a nonrationalized and a rational- 
ized manner, one gives two different physical meanings 
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to one abstract quantity or unit. Quantity calculus 


cannot accept the coexistence of two different mean- 
ings for the set of elements dealt with, because its com- 
positions are not bivalent. The case of one element of 
quantity calculus corresponding to two actual physical 
phenomena is like interpreting the abstract unit m? 
by a square with side length of | meter or by a 
circle with a radius of | meter, as previously described. 
But while this twofold interpretation of the second 
power of the unit of length is only an unrealistic 
hypothesis, the twofold definition of the unit of mag- 
netic field strength based on units of current and length 
was introduced in electromagnetic theory and has been 
Electrotechnical Com- 


adopted by the International 


(IEC) 
Silsbee! spoke of an 


mission! and other standardizing bodies. 


“unhappy moment” in which, 
through a question about the interpretation of ration- 
alization, a very long discussion took place. That mo- 
ment should be called a happy one because the ques- 
asked by Prof. Jan de Boer prevented the IEC 


taking action 


t10n 


from without thinking of the conse- 


quences. The question provided the opportunity to 
clear up the matter and to give attention to the fact 
that rationalizing means changing defining equations, 
a process demanding care. All difficulties and discussions 
would have been avoided if one had introduced new 
names and symbols for quantities newly defined by the 
rationalized defining equations, But this had not been 


done 


when, after a few years, rationalization originated; 
it was no longer possible when the International Elec- 
trotechnical Commission adopted the rationalized form 
of the equations of electromagnetism. The International 
Pure 


rationalization, made an attempt and introduced difter- 


Union of and Applied Physics, when adopting 
ent symbols, for instance ,H and ,H for nonrationalized 


and rationalized magnetic field strength." 


CONCLUSIONS 


EVERY ACTUAL PHYSICAL PHENOMENON may be repre- 
sented in equations either by concrete quantities and 
units or by 


ibstract quantities and units. Each is a 


mathematical model of 


a different grade of abstrac- 
tion, and between them exist close relationships which 
are generally nonambiguous. Some complications exist 
in the case of rationalization, where earlier, nonration- 
alized definitions are replaced by later, rationalized 
the 


field 


magnetic field strength and some other quantities such 


ones. Changing over from nonrationalized to the 


rationalized form of the equations means for 
as permeability, electric flux, electric flux density, and 
permittivity that concrete units change while concrete 
quantities remain invariable as do the represented 


phenomena; however, in quantity calculus abstract 
units are invariable in themselves, but changing over 
makes abstract quantities change. Different names for 
the two sorts of quantities and units are not necessary: 
it is sufficient to use the adjectives “concrete” and 


“abstract” if necessary. 
In the daily use of electrical engineering the exist- 


ing complications appear only when one transposes 
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values given in a nonrationalized system of units (and 


definitions) to a that is, from 


of the cgs systems to the SI. Such transpositions can 


rationalized one, one 


be done safely in using conversion factors for the 
numerical values. 


Appendix: Examples of a Group 


Permutations give well-known examples for groups. 
For instance, a set of five distinct things called a, b, c, 
d, e may be given. A permutation A of may 
replace a by b, b by c, ¢ by d, d by e, and e by a, 


this set 


This permutation is expressed by 


‘ abcde (1) 
: bcedea 


The place of the things in the array is of no impor- 
thus 


y becad (2) 
- cadbe 


is exactly the same A as given in equation 1, 
Another example is 


B abcde (3) 
cdbae 
Applying first permutation A, then permutation B 
is called a product; it is written 


tance; 


C=AB (4) 


Che result, being found by replacing, first, a by 5b, 
and then b by d, etc., becomes 


C= abcde (5) 
dbaec 


Analogically, 


 fabcde (6) 
BA= es 


from which it is clear that multiplication is not com- 
mutative. 

If A" is called the inverse of A, the changes produced 
by A are reset. From this it follows, with the use of 
equation 1, that 


4-t a6<6€t (7) 
‘ eabcd 


Permutation E is defined as the unit permutation. 
It changes nothing: 


; v Beas (8) 

E 
abcde 

The definition of A yields 
AA“*=E (9) 
It is immediately clear that 
AE=EA=A (10) 
This means that E plays the same role as the number | 
in ordinary algebraic multiplication. 

The aim of this example is to illustrate that the 
concepts of multiplication, etc., may be defined not 
only for numbers but also for quite a few other things. 
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otivation through Challenge 


W. C. JOHNSON 


FELLOW AIEE 


Strong intellectual challenge is the most effective 
means of student motivation. Electrical engineer- 
ing education during the past few years has 
been developing in precisely this direction. A 5- 
year experimental curriculum that helps stimu- 


late the student's will to learn through this kind 
of challenge is described. 


VERY teacher is well aware of the importance of 
motivation in the performance of his students. It 
is a matter of common observation that a student 


of superior ability who loses his desire to learn quickly 


becomes an academic liability. Achievement seems to be 
something like the product of natural ability times mo- 
tivation, integrated over the period of learning. AI- 
though the source of motivation is sometimes beyond 
the instructor’s control, on the average it is the teache 
himself who must take the responsibility for generating 
in his students not only the desire to learn but the will 
to do the work of learning. 

Iwo outstanding characteristics of the young man 
are his willingness to accept a challenge and his desire 
to test himself on difficult tasks. In fact, if challenges 
do not naturally arise, he is likely to manufacture them. 
He has the belief, often justified, that he has the ability 
to accomplish great things in the future. Furthermore, 
he has the important advantage over his elders of hav- 
ing the time to prepare himself for distant goals. 

Most teachers will agree that another outstanding 
characteristic of the college student is the basic desire 


W. C. Johnson and P. R. Clement are with Princeton University, Prince- 
ton, N. J 
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P. R. CLEMENT 


to learn and to fit his knowledge into a coherent whole. 
The student of college age can assimilate knowledge 
and master ideas at the greatest rate of his life. His in- 
telligence is fully developed, his mind is uncluttered, 
and his approach to new ideas is fresh and uninhibited. 

People, as is well known, are creatures of habit. Good 
habits of intellectual discipline, like muscles, are de- 
veloped more easily in young people than in old, and 
this development is obviously one of the important 
objectives in a college education. Intellectual skill, fully 
as much as physical skill, is acquired only through prac- 
tice and exercise. 

So far we have called attention to, and tried to formu- 
late precisely, only what every teacher knows but that 
all of us are sometimes inclined to forget: that young 
people require challenges, that they are the most com 
petent learners, and that it is an important function of 
the teacher to provide the challenge. It is not likely that 
the teacher will neglect to enforce intellectual dis 
cipline, for this is his traditional job. But each of us, 
being of the older generation, is likely to discount the 
competence of youth and thereby fail to offer the stimu 
lation and challenge that such competence deserves, and 
fail to require the full measure of intellectual discipline 
that the young person is capable of giving. 

SOPHISTICATED IDEAS CAN BE GRASPED 

‘THE DEVELOPMENT that have taken place in electrical 
engineering education over the past few years are in 
precisely the direction of greater challenge to the stu- 
dent, and it is the effect of these new programs and 
courses on the student that confirm the belief in chal- 
lenge as a motivating factor. The general characteristics 


of the new programs have been an increased emphasis 
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on the scientific aspects of electrical engineering and on 
the introduction of sophisticated ideas at an early stage 
and in reasonably rapid order. There are many who, 
from experience, will agree to the stimulation afforded 
to the student through his grasp of ideas that were for- 
merly thought to be the province of the graduate student 
or, indeed, were not taught at all. The main problem is 
not the ability of the student to assimilate ideas; the 
problem is to formulate the ideas clearly and correctly 
without overshooting the mathematical preparation of 
the student. If all high schools taught good courses in 
calculus, the flow of ideas could be ever so much faster 


in the first 2 


years of college. 

\n introductory course in electrical engineering must 
wait for the student to get reasonably well along in the 
calculus and so is generally given, or started, in the 
sophomore year. There are at least two schools of 
thought concerning the first course: one holds that cir- 


cuit theory is the logical starting point, both because 


of its importance in the field of electrical engineering 


ind because its mathematical requirements and its or- 
der of difficulty seem appropriate to the student at this 
point. Another school of thought believes that the basic 
concepts of electricity and magnetism form a more ap- 
propriate starting point because they are more funda- 
mental than circuit theory; they are introduced in a 
physics course often given in the freshman year and can 
appropriately be carried forward immediately in the 
sophomore year; and the ideas, if formulated properly, 
ire appropriate to this level of learning. The physical 
ideas of circuit theory are then established preparatory 


to the exploration of the mathematical aspects of net- 
works 


FIVE-YEAR EXPERIMENT DESCRIBED 

EACH OF THE FOREGOING INTRODUCTIONS—the physical 
aspects of field and circuit theory, and the mathematical 
aspects of networks analysis—can provide challenge for 
the student. The authors believe in starting with the 
field approach, and will conclude this paper with a brief 
description of a 5-year experiment made from this point 
of view. 

As is take ele- 
mentary differential and integral calculus with analytic 


true in 


many schools, our freshmen 


geometry and general physics with emphasis near the 
end on electricity and magnetism. By the sophomore 


year the student knows what a derivative and an inte- 


gral are, and he can differentiate and integrate simple 


functions, but his mathematical 


background has not 
reached the point where he can make use of partial dif- 
ferentiation the mathematical 


and other 


apparatus 
often associated with a sophisticated approach to elec- 
tromagnetic theory. We feel, however, that this can be 
i blessing in disguise, for the ideas of electromagnetic 
theory are physical, and too much mathematics at the 
beginning can obscure the physical concepts. Our aim 
is to present the physical ideas correctly and in such a 
form that the student will not need to unlearn them 
later. In such a presentation the student can see that 


mathematics of a more advanced kind would permit 
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him to manipulate the physical ideas more adroitly and 
to solve problems of greater complexity; thus it moti- 
vates him in his study of mathematics. We use the ideas 
of differential and integral calculus freely and introduce 
the multiplication of vectors, but go no further than 
this into vector analysis. We are therefore limited to the 
integral formulation of Maxwell's equations and to 
examples and problems which have a high degree of 
spacial symmetry. Fortunately, many interesting prob- 
lems can be solved within this limitation. Since we are 
using the student’s mathematics soon after he learns it, 
we must keep informed about what the mathematics 
department is doing, to avoid the mistake of assigning 
problems that require, for example, previously unex- 
plained techniques of integration. 

The material on electricity and magnetism occupies 
about half a semester and includes as examples and 
problems many applications in engineering. Immedi- 
ately thereafter the basic principles are applied to two 
areas: to the conversion of energy, with emphasis on 
electromechanical transducers, and to the theory of 
lumped circuits, with particular attention to the rela- 
tion between the physical concepts and their mathema- 
tical formulation. Thus, the treatment proceeds from 
field ideas to circuits and physical apparatus, and to 
their mathematical models. With the circuit relations 
formulated, attention turns to the analysis of networks, 
starting with network topology and extending through 
zero-pole ideas. The material of the 1-year introductory 
course stops just short of the Laplace transform. 

In the accompanying weekly laboratory periods, ex- 
periments are performed only on alternate weeks in the 
first semester to allow the class work to get ahead, and 
are held somewhat more often during the second semes- 
ter. The remaining laboratory periods are used for 
problem solving, particularly for problems which are 
more difficult mathematically or in which the student 
requires some guidance in the exercise of judgment, as 
in making a design. The laboratory proper stays as 
nearly as possible in step with the theory taught in class. 
In both problems and laboratory, the objective is to 
show the practical use of the theory and the limitations 
of the models which one uses to analyze physical situa- 
tions. In one experiment the student uses a simplified 
oscilloscope to measure the forces exerted on a stream 
fields. He 
using the instrument, how the 
focusing and intensity controls interact, and so on. 
Something of 


of electrons by electric and magnetic also 


learns something of 
the techniques of measurement are 
taught, together with their pitfalls: the d’Arsonval in- 
strument as ammeter, voltmeter, and ohmmeter, bridges, 
pen recorder, oscilloscope, the d’Arsonval instrument 


with a rectifier, and so on. 


When the student reaches circuit theory he uses sine- 
wave and squarewave generators to observe the transient 
and steady-state behavior of networks. Anomalies, 
predicted by field theory but not by the lumped model, 
are observed. In one of the most popular experiments, 
the student is required to deduce the configuration of 


elements in one of a set of 2-terminal black boxes, using 
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any measuring equipment that he thinks will help him 
toward the answer. There are two experiments on d-c 
machinery, and they are surprisingly popular, perhaps 
because the students enjoy their mastery over a power- 
ful machine but do not have enough time with it to be- 
come bored. Work on transformers, with emphasis on 
frequency response, and some basic experiments on 
polyphase networks, end the year’s work. 

Along with the introductory course in electrical engi- 
neering, the sophomore student finishes his sequence 
in the elementary calculus and takes a semester of dif- 
The 


physics course in electromagnetic theory that uses vector 
and 


ferential equations. second semester contains a 


calculus carries further into the mathematical 
aspects of the subject. 

At this point the student is far enough along with 
ideas and techniques so that his succeeding courses can 
proceed rapidly. As a junior, he has a semester of en- 
gineering analysis, a semester of energy conversion and 
control, and a year of communication systems and elec- 
tronic circuits. The junior course in communication 
presents the elementary system aspects of the subject 
before the circuitry in the belief that the question of 
“why” should be answered before “how.” First  pre- 
sented is simplified communication theory and signal 
theory. After the student has seen something of what 
he is trying to do, vacuum-tube and transistor circuits 
are introduced as convenient means of accomplishing 
the desired results. The classroom treatment continues 
to discuss theory and the models of physical apparatus, 
while the laboratory shows the practical features, the 
limitations of the models, and the techniques of meas- 
urement, and emphasizes the use of judgment in design. 
Here the student learns by hard experience the effects 


of the wrong decimal point, the ground loop, and leads 


that are too long. To save time, pegboards are generally 
used to hold individually mounted components, and 
leads with friction connectors are used for the wiring. 
But 


tured gear and must read its diagrams and locate 1ts 


sometimes the student must deal with manufac- 
parts, and sometimes he must make a real breadboard 
and solder the joints well. 

Together with the junior courses in electrical engi- 
neering the student takes a mathematics course in func- 
tions of a complex variable, and a semester of modern 
physics. He often elects additional physics courses in 
atomic theory and electromagnetic theory, and many 
elect to take analytical mechanics in the physics depart- 
ment rather than in mechanical engineering. Thermo- 
dynamics also may be taken in either department. 

his is all basic preparation for the senior year, where 
the student takes a more advanced course in electronic 
circuits and chooses among physical electronics, feed- 
back control, microwave devices and applications, sig- 
nal and communication theory, switching theory and 
logical design, digital computation, further courses in 
mathematics and physics, and independent work. 

Ihe program is a challenging one, no less in the 
sophomore year than later. There were some who 
originally feared that an introductory course of such 
an ambitious nature would lose students from the de- 
partment, but they underestimated the motivating effect 
of a challenge. Students, instead, transferred into the 
department. A common statement was to the effect, “I 
hear that your department is difhecult but that your 
students learn a lot. I want to join up with you.” We 
are pleased at the increasing number of students from 
physics, mathematics, chemistry, and even economics 
who elect our courses. On the basis of all evidence, the 


experiment has been successtul. 





Locomotives for Brazil 


e 


A record-breaking $23.5 million order for 180 loco- 
motives for eight of Brazil’s railroads will be filled by 
the General Electric Company’s Locomotive and Car 
Equipment Department, Erie, Pa. The order is the 
largest ever placed by a national railroad administra- 
tion, according to GE sources. 


The majority (173 units) of the locomotives will be 
diesel-electrics of the universal type suitable for any 
type of railroad service. The remaining seven will be 
electric units for operation from overhead power lines. 
Highly standardized design of the universal-type diesel- 
electrics makes it possible to manufacture them on an 
assembly-line basis. 

Maintenance and operating personnel from several 
of the Brazilian Government's rail lines will receive 
special training at General Electric’s Erie locomotive 
plant. 
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View of two GE U8B units 


The diesel-electrics are U'B and U8B models devel- 
oping 600 and 900 gross hp respectively. The all-electric 
units develop 3,000 rail-hp each. 
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Breakdown Strength of Nitrogen at High Temperatures 


\. H. SHARBAUGH rs 


ASSOCIATE MEMBER AIEE 


N A-C circuit-interrupting devices, the post-arc period 
tat alter current zero is of paramount im 
portance. This period is characterized by the rapid 
cooling and deionization of the hot gases between the 
contacts, which build up the d:electric strength of the 
the circuit transients 


Simultaneously, however, 


gap. 
resulting from the interruption of the current impose 
gap. 


the 


the contact 


break 


1 rapidly increasing voltage across 


I his 


gap and re-establish the are 


so-called recovery voltage may down 


Some authors have speculated that after current zero, 





T 





‘mie | ds 
0 











2000 
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4000 


Fig. 1. Breakdown voltage as a function of gas temperature. The ex- 


perimental points correspond to various delay times for application 


of the pulse; the dashed lines are obtained by interpolation for the 


indicated times. The solid curves are from an analysis involving no 


fitting parameters. The symbols: 06 2 cm; 0 = VY amagat, where 
1 amagat is the density of the particular gas at standard tempera- 


ture and pressure 


if the electrical conductivity is very low, the breakdown 
Others 
breakdown mechanism to1 


is of an electronic nature. have postulated a 


the case where the 
Lo 


one needs considerable experimental information on 
the 


thermal 


conductivity is reasonably high test these ideas, 


influence of gas temperature, pressure, velocity, 


and degree of ionization on the breakdown strength 


ot a gas. Untortunately, such information has not been 


available in the breakdown in 


generally literature; 
gases has been studied only for temperatures between 
1,000 and 1,400 K (degrees Kelvin). For the 


of circuit interruption studies, data at much higher 


purpose 


temperatures are required. 
In the present work, a new technique for studying 


the electric breakdown of high-temperature gases is 


developed; the novel feature is the use of a shock tube 
to produce the desired high-temperature gas conditions. 


Digest of paper 61-136, “An Investigation of the Breakdown Strength of 
Nitrogen at High Temperature Using a Shock Tube recommended 
by the AIEE Switchgear Committee and approved by the AIEE Technical 
Operations Department or presentation at the AIEE Winter General 
Meeting, New York, N. Y., Jan. 29-Feb. 3, 1961 Published in AIEEF 
Power Apparatus and Systems, June 1961, pp. 333-44 
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A shock wave is used to heat and accelerate a gas be- 
tween a pair of electrodes, and alter the shock front 
has passed, a voltage pulse is applied to the heated 
gas and its breadown strength is measured. Through- 
out these experiments, the electrode spacing and gas 
density behind the shock have been maintained con- 
stant, as the shock strength has been varied. 

Paschen’s similarity law states that the breakdown 
potential of a given gas in a uniform electric field is 
a function of the product of the electrode spacing and 
the gas density. Therefore, on this basis, the break- 
down potential measured at different shock strengths 
would be expected to remain constant, any observed 
change being indicative of an effect of gas velocity or 
of temperature (i.e., other than the density dependence 
on temperature). Earlier measurements made by others 
under static conditions have shown no significant devia- 
tions from Paschen’s law in nitrogen and air up to tem- 
peratures of 1,100 and 1,400 K respectively. 

In our experiments, temperatures in excess of 4,000 
K, and gas velocities as high as 2,500 meters per second 
have been attained. Marked deviations from similarity 
behavior have been observed at temperatures above 
1500 K, 


fallen to 


and by 4,000 K the breakdown voltage has 
half of 
\ decrease in breakdown voltage with in- 


high 


about its room temperature value; 


see Fig. I. 


creasing temperature occurs because at these 
temperatures the gas becomes quite thermally ionized. 

\t a given temperature the breakdown potential 
decreases with increasing time after the passage of the 
shock front, which indicates that the degree of ioniza- 
Che 


relaxation process has been substantiated by auxiliary 


tion is changing with time. existence of this 


measurements of low field resistivity, and luminosity 


of the gas. These observations indicate that the relaxa- 
tion time of nitrogen is several hundred microseconds, 
1,000 K; 


ments were made under nonequilibrim conditions. 


even at because of this, all of our measure- 
Even so, calculations based upon equilibrium con- 


siderations indicate a reasonable agreement between 
the observed breakdown voltages and what one would 
expect theoretically, as Fig. | shows. Moreover, it may 
be remarked that although the attainment of thermal 
equilibrium is a desirable condition for fundamental 
work, our nonequilibrium study is probably more 
representative of the conditions met in practice, in the 
operation of air-blast switchgear, for example. 

\t the highest temperatures (4,000 K) remarkably 
the 


shock tube. There may be a resemblance between these 


high prebreakdown currents were observed in 


currents, and the post-arc currents which have been 
observed in circuit breakers. If this is then the 
shock tube tec hnique provides a useful method for 


so, 
investigating the nature of post-arc phenomena. 
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Analog Field Plotter— 
Description and Use 


C. W. PARK 
MEMBER AIEE 


The conductive-sheet analog field plotter is a 
versatile instrument for the study of various types 
of 2-dimensional field patterns. By means of a 
field plotter, one can frequently optimize the 
design of a device without having to fabricate 
several experimental models. Thus, a substantial 
savings in both time and money can be achieved. 


HE conductive-sheet analog plotter has a number 
of advantages over other types of analog devices, 
such as the electrolytic trough. The latter is dif- 
ficult to set up, the liquid is spillable, and one cannot 
obtain a directly recorded plot. By contrast, the con- 
ductive-sheet plotter is clean and convenient, and 
permits a direct visual plot of either equipotential or 
flux lines. Further, one can easily represent different 
dielectric 


At the 


use of the conductive-sheéet 


materials, as discussed later on. 


Radiation the main 


field plotter is in 


Lawrence Laboratory 


analog 
connection with the study of electric current fields, 
electrostatic fields, and magnetostatic fields. However, 
with appropriate techniques one can also utilize the 
field plotter to map fluid flow patterns and _ velocity 
gradients, heat flow patterns and temperature distribu- 
tions, air flow patterns, etc. 


DESCRIPTION OF THE ANALOG FIELD PLOTTER 


AN ANALOG FIELD PLOTTER consists of a plotting 
board, a search stylus, and a sensing instrument (Fig. 
1). The plotting board is a piece of 34-inch-thick ply- 
Western black 
conducting paper without coating. This paper has a 


wood covered with a sheet of Union 


resistivity of about 2,000 ohms per square. A cross 
section of the conducting portions of the device being 
studied is painted onto this paper with Du Pont no. 
4817 silver paint, which has a resistivity of approxi- 
mately 3 ohms per square. 

The search stylus is a pencil-like brass rod. Except 
for the point, it is covered with an insulating sleeve. 
The point of the stylus has a radius of 0.005 inch. A 
sharper point might scratch the surfaces of the con- 
ducting paper and alter the local resistivity. 

The sensing instrument consists of a power supply, 
a voltage divider, and a null detector housed in a 
(Fig. 2). 
provides 6.3 


schematic. 
(60 cps) 


compact case Fig. 3 is a circuit 


The power supply volts a-c 


A special article recommended for publication by the AIEE Publications 
Department 
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across the simulated electrodes painted on the conduct- 
ing paper, setting up an electric-current field in the 
paper. Contact with the painted surfaces is made very 
simply. The leads from the power supply terminate in 
two small brass cylinders. These brass electrodes are 
merely set on the painted surfaces. The power supply 
also provides —9.5 volts d-c to the null detector. 

The voltage divider is a 10-turn 500-ohm precision 
potentiometer connected in parallel with the simulated 
electrodes. 

The null detector is connected in series between the 
swinger of the potentiometer and the search stylus. 
For a given potentiometer setting, the search stylus is 
moved over the paper to locate null points. These are 
indicated by a zero reading on the meter of the null 
detector. The signal from the search stylus is amplified 
by a transistor 60-cycle amplifier which is gain-stabil- 
ized by feedback. The amplifier has an adjustable gain, 
10 or 100. The low gain is used for locating the ap- 
proximate position of a null point; the high gain ts 
then switched on to find its exact location. The output 
is read on a microammeter connected across a bridge 
rectifier. A small phase-shifted signal provides a non- 
null reading when the probe is lifted from the paper 
or is making poor contact. This feature prevents false 
readings. 

USE OF THE ANALOG FIELD PLOTTER 

Fic. 4 ILLUSTRATES a simple problem: how to use 
the analog plotter to map the electrostatic field pattern 
between two oppositely charged parallel wires. The 
and 5 are not 


rectangular borders shown in Figs. 4 


intended to be the actual limits of the piece of con- 


> %e Surface of epoxy 
20% + Equipotentia 
ne 
y Precision 
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Fig. 1. Conductive-sheet analog field plotter 
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Fig. 2. Sensing device, front and rear views, containing the power supply, voltage divider, and null detector 


ducting paper used. The actual size of the conducting 


sheet would be two to three times larger to simulate 


boundary. 
Obtaining Eq 


a. Step | 


ducting pape 


an infinite 
potentials 
Paint the electrodes onto the black con- 
In this case the electrodes will be solid 
circles, corresponding to the cross sections of the paral- 
lel wires 

b. Step 2. Energize the electrodes in order to establish 
t current flow in the paper. 

c. Step 3. Set the potentiometer to, say, 10%, and then 
plot the null points. With a pencil, connect these to 
give an equipotential. 

d. Step 4. Set the potentiometer at a different value, 
Say, 20% 


and proceed as in Step 3. By repeati iS 
ly | Ste] sy repeating thi 


process at 10°, (or smaller) 


intervals, a family of 
equipotentials is obtained. 
Obtaining Flux Lines. If 


them in 


one now wants the flux 


lines, he can draw freehand as a family of 
curves orthogonal to the equipotentials. In this simple 


example this would be the fastest method. However, 
where more complex geometries are involved, one may 
want to plot the flux lines directly. If so, an “inverse” 
method is used. This will now be described using the 
previous example: 

a. Step 1. Cut out the original electrodes with a pan 


ol scissors. 
b. Step 2. Paint on new electrode strips as shown in 
Fig. 5. The 


orthogonal! to the 


margins of the new electrodes must be 


lines of Fig. 4. 
c. Step 3. Engergize the electrodes to set up electric 
current flow in the conducting paper. 


d. Step 4. Plot the equipotentials as in the previous 


case. The tamily of curves thus obtained will be ortho- 


gonal to the first family, and will represent the flux 


lines between the parallel wires. 
Phe second (“inverse’”’ plot may be made on the same 
sheet the first, so that a combined plot is obtained. 
Typical Uses oj' the Field Plotter at LRL. Fig. 6 illus- 
trates how this analog field plotter was used in de 


signing the ion source and extractor for the heavy-ion 
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linear accelerator at Radiation Labora- 


tory (LRL). A gas such as argon is allowed to leak into 
the arc 


the Lawrence 
chamber. Electrons from a cathode knock off 
the electrons from the argon atoms, leaving free argon 
ions. These ions then escape through an axial slit in 
the arc chamber. The field in the region between the 
arc chamber and extractor must be shaped in such a 
way that the ions will not strike the extractor. Various 
geometries were studied by means of the analog field 
plotter, until the desired asymmetrical field configura- 
tion was obtained. 

\n account of how this analog field plotter was used 
in designing epoxy-resin castings for high-voltage 
transformers, bushings, and potheads is given in Elec- 
trical Engineering, vol. 75, Dec. 1956, pp. 1104-06. 

Special Techniques. When plotting fields associated 
with complex devices it is sometimes necessary to rep- 
be done 
by a technique developed by one of the authors (Park). 


resent different dielectric constants. This may 


Those portions corresponding to a dielectric constant 
of one are represented by a single layer of black con- 
ducting paper. Those portions corresponding to higher 
dielectric constants are represented by additional layers, 
which may be tacked onto the plotting board with 
\4-inch flathead nails around the edges of the paper. 
For example, epoxy of dielectric constant six is repre- 
sented by five additional layers. 
Supt 
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Fig. 3. Circuit schematic of the sensing device 
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Silver 
point 


Biock “ 
paper 


Fig. 4. Electrode geometry for mapping equipotentials between two 
oppositely charged parallel wires 


Metallic portions having different conductivities can 
be represented by using different silver paints of cor- 
responding conductivity or by painting on an appro- 
priate number of additional layers. 

Limitations of the Conducting Paper. The conduct- 
ing papers have been found to have a different re- 
sistivity lengthwise with the roll as compared to across 
the roll. This difference may be as much as 10%. If 
this is too large an error to be ignored, this anisotro- 
picity can be corrected for by using two crossed layers 
of the paper to represent a dielectric constant of one. 

Any local variations in resistivity of the paper can be 
corrected for by drawing a smooth curve through the 
null points. 

The conducting sheet should be large enough so that 
edge effects—distortion of the plot due to the finite 
boundary—are small. 


CONCLUSIONS 


THE OVER-ALL ACCURACY of this plotting technique 
is dependent on the uniformity of the paper, which 
may vary by as much as 10°. However, the sensing 
instrument itself is accurate to within 0.05°%. 


The sensing device described in this article has a 


Silver 


conducting Ml point 
paper 


Fig. 5. Electrode geometry and boundary conditions for plotting flux 
lines between two oppositely charged parallel wires 
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Fig. 6. Plot of the electrostatic field produced in the ion source and ex- 
tractor of the heavy-ion linear accelerator (courtesy of K. W. Ehlers) 


number of advantages over commercially available 
units. Being transistorized, it is smaller and more re- 
liable. By using phase-shifted a-c excitation, it gives a 
null reading only for a true null point. Perhaps its 
greatest merit for the engineer who is working in the 
field, however, is that it is sufficiently inexpensive that 


he can afford to have one for his exclusive use. 
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Crowned by Aluminum 


Two hundred electrical transmission tower bases 


have been “crowned” with aluminum structures by 


Niagara Mohawk Power Corporation. The compos- 
ite aluminum-steel base olf steel; the 


towers have a 


tower tops—‘‘cage,’”” crossarms, and “‘goathead’’—are of 
aluminum. 

Five different designs are being installed by Niagara 
separate 115,000-volt 
lines. The lines run from The Power Authority of the 


Mohawk on six double-circuit 
State of New York’s new Niagara Falls power station, 
Mohawk’'s 


and interconnect with Niagara existing 
system. 

Close to 400,000 pounds of aluminum, an average 
of almost a ton per structure, were employed in con- 
struction of the towers. The aluminum was extruded 
at Alcoa’s Cressona, Pa., works, and fabricated at the 
Alcoa Structural 


operations were performed by the utility at its Packard 


Division facility there. Subassembly 


substation. 
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All-Aluminum Transmission Tower Line 


A. H. SELLERS 

MEMBER AIEEF 

N 1960, a double-circuit 220-kv all-aluminum tower 

oe 2.8 miles in length, was erected as a part olf 

the Philadelphia Electric Company's transmission pro- 
gram for the new Eddystone generating station. 

Preliminary design discussions between Philadelphia 

Electric Company and Aluminum Company of Amer- 

ica (ALCOA) 


from the standpoint of strength, fabrication, 


indicated that aluminum towers were 


feasible 


and erection, but are somewhat more expensive ini 


tially than steel. Obviously, a big advantage of alumi 


num is that it does not require periodic painting. 


The area traversed by the line is heavily industrial- 


ized with steel mills, oil refineries, a viscose plant, and 
a coke manulacturing plant, which combine to produce 
a particularly COrrosive atmosphere for steel towers. 
[his appeared to be an ideal location for the use of 
aluminum in tower construction; hence, an economic 
study was made to compare over-all costs of aluminum 
and steel, including the capitalized painting costs. 

On the 


require painting at 


basis that steel towers in this area would 


intervals of about 5 years, the 


economics were in favor of aluminum by aé slight 


margin, even with the higher actual cost of aluminum 
and an anticipated higher cost of concrete foundations 


required to compensate for the lighter aluminum 


towers, in preventing uplift. Aluminum would have 


been chosen even if the economics had been slightly in 
favor of steel because of anticipated benefits which 


were difficult to evaluate, such as lower erection costs 


for aluminum and the absence of line outages re- 


quired for painting steel towers. 
Three 


the line: (1 


types of towers were designed and used on 


type A suspension tower to be used fon 


angles not exceeding 2 degrees and suitable for 1,000- 
1,200-foot 


angle-strain tower suitable 


loot transverse span loadings and vertical 


loadings; (2) 


span type C 
for 1,000-foot transverse span loadings and_ 1,600-foot 
vertical span loadings with 30-degree angle in the line; 
and (3) type & angle-strain tower suitable for dead ends 
and line anele of 90 degrees with 1,000-foot transverse 
span loadings and 1,600-foot vertical span loadings. 
In general, the towers were designed to support two 
99()-kv 795,000-cm 


26/7 cable) 


circuits, each consisting of three 
ACSR 
ductors in vertical configuration, together with a 
800-cm 12/7 ACSR 


The ground wire and conductors were strung 


(steel-reinforced aluminum con- 


190,- 


ground wire located over each 


circuit 
to limit the tensions to 6,600 pounds in the former 
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Transmission Line 
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and 10,000 pounds in the latter under load conditions 
of 1/2 


foot wind load. The transverse and vertical loads were 


inch of radial ice with an 8-pound-per-square- 


computed on the basis of heavy-loading grade-B con- 
struction from part 2 on the National Electrical Safety 
Code, 5th edition; the longitudinal loads were based 
on the assumption of one ground wire and any one of 
the conductors on the same side of the tower being 
and all the 


broken simultaneously on the C towe1 


ground wires and conductors being broken on one 
side of the E tower. 

Structural shapes were limited to angles and _ plates 
and were made of 606/-T6 aluminum which has good 
strength (minimum ultimate tensile strength of 38,000 
pounds per square inch) and excellent corrosion resist- 
ance. Tower bolts were 5/8- and 3/4-inch anodized 
aluminum alloy 2024-T4. The structural shapes were 
produced by the extrusion process and sawed, mitered, 
and punched by conventional fabrication techniques. 
Some of the members were formed in the T4 temper 
and then heat-treated to the 76 temper. 

Erection of the towers followed normal procedures 
the 


sub- 


with some towers subassembled in sections on 


ground and raised with a crane, and_ others 


assembled in panels and raised with the use of a gin 
pole. A served to 
the tower in the air but fewer men and equipment 


normal number of linemen erect 
were required on the ground because of the lightness 
of the aluminum members. During erection, it was 
found that the corners of were easily 
nicked and that they created sharp burrs and _ projec- 


tions which made the use of gloves mandatory. In 


the shapes 


the future, these sharp corners will be removed by 
rounding the extrusion dies. Some difficulty was ex- 
perienced through breaking of the aluminum bolts 
during erection until torque wrenches were used and 
the tightening limited to 80°% of the minimum break- 
ing strength of the bolt. Tower deflection during string- 
than anticipated and 


ing was substantially greater 


caused errors in the conductor sags until the reason 
for the error was discovered. Towers when erected were 
geometrically very similar to standard galvanized steel 
towers and appeared identical except for a somewhat 
more shiny appearance. 

To the 


transmission towers results in 


summarize: use of aluminum for complete 
a structurally sound as- 
sembly which is easy to erect and pleasing in appear- 
ance. Aluminum eliminates the expense and line out- 
ages required for painting. At present, it is competitive 
with steel from an economic standpoint when used in 
areas of industria] atmosphere. Further weight reduc- 
tions will doubtless be achieved by future study and 
the development of an unlimited variety of structural 


shapes made possible by the extrusion process. 
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A Simplified Design 


C. F. VanNBENNEKOM 


HERE HAS BEEN 
switchboard-type a-c ammeters and voltmeters of 


considerable demand for 
sturdy construction, good readability, small size, and 
low cost, as well as for instruments having uniform 
pointer positions for given electrical quantities, per- 
mitting scale interchangeability and comparison of 
readings. 

Switchboard a-c meters of the long-scale type are now 
available giving good readability with small panel 
space. In these 250-degree scale instruments control of 
scale distribution is a major problem and the use of 
predetermined printed scales is virtually impossible. 

(1) the 
use of both attraction and repulsion magnetic members; 


Scale variations arise from several sources: 
(2) reverse torques causing constriction of upper scale 
due to close vane spacing; and (3) the sensitivity of the 
mechanisms to small dimensional variations. 

First the attraction members were eliminated, thus 
eliminating the variation caused by superimposing two 
torques of different characteristics. This was accom- 
plished by designing the magnetic system for adequate 
spacing between the wide end of the magnetic repul- 
sion vane and the full-scale position of the moving 
vane, eliminating reverse-direction torques. Also, the 
scale length was confined to 180 degrees (5.1 inches), 
since the worst deviations in scale distribution normal- 
ly occur between 180 and 250 degrees. 

Because major variations in scale distribution may 
occur from eccentricity of the fixed and moving vanes 
and changes in the small air gaps between them, the 
new instruments will have relatively large air gaps. 
Any decrease in torque has been offset by a larger 
winding space and a close linkage of magnetic paths 
outside the active torque-producing area, including a 
close-fitting case used as part of the magnetic circuit. 

The achievement of repeatable concentric relation- 
ships between fixed and moving systems at low cost 
precludes expensive machining to very close tolerances. 
Referring to Fig. 1, the frame D supporting the moving 
system A-B-C is molded with extremely accurate dimen- 
sional relationships between the bearing holes and 
projections which engage the field coil and shield as- 
sembly £. For further assurance of accurate concen- 
tricity a cylindrical projection on the rear bearing of 
frame D enters a molded hole in field-coil spool F with 
a close sliding fit locating the frame with relation to 
the shield plate and field-coil spool in two parallel and 
widely separated planes. The shield forms a_ barrier 
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against external fields and also serves as part of the 
magnetic circuit providing an accurate mount for the 
field-coil spool. Its holes for mounting and spool loca- 
tion are punched to very close tolerances, the mounting 
holes providing an accurate and repeatable relation- 
ship with the frame and the case. The field-coil spool is 
molded into the shield plate. This plate is treated as 
an insert; thus misalignment is prevented and _toler- 
ances due to fastening are eliminated. It will be noted 
that the same bosses in the die-cast frame that locate 
the spool and shield plate also locate the assembly con- 
centrically inside the case. 


Y S471 Tf TP MEAN’! 4 74 77 7, 
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Fig. 1. Sectional view of simplified long-scale instrument 


For shockproofing, the case, frame, and spool are 
secured to each other at both ends, making the struc- 
ture extremely sturdy. The spool itself is of resilient 
plastic material having high impact strength. 

Another objective in this design is to use multi- 
function parts. The spool provides support and location 
for the field winding, positioning of fixed magnetic 
vane, the centering of the frame and, at the same time, 
the The 
shield plate have already been stated. The case serves 


serves as terminal board. functions of the 
to support and enclose the mechanism, provides a re- 
turn path for the magnetic flux and shielding from ex- 
ternal fields, and locates the terminal end of the spool. 

Not only have mechanical relationships been made 
very precise, but also the effects of eccentricity, axial de- 
viations, tilt, and angular alignment have been reduced 
to such an extent that with greatest part and assembly 
variations expected, deviations of only a few tenths of a 
per cent will occur. 

Torque-to-weight ratios are good (1.1 to 1.2) and the 
effects of temperature, humidity, and external fields are 
only a fraction of the limits specified by ASA stand- 
ards. Ammeter depth is 27% inches and weight is only 
1.9 pounds. 
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Past President Linder Comments on Standards 


C. H. LINDER, Past President of ATEI 
in an interview relative to his informal 
remarks on standards at the Summer 
General ge in Ithaca N \ com 
mented 

The subject of the Institute’s proper 
contribution to standards work continues 
it this tim be matter of particular 
urgency »), the standards-making pro 


cedures present an 


important problem 


hich needs attention 
\s I hoped to stress in my remarks to 

the Fechnical Operations Department 
Forum in Ithaca last June, the standards 
we have and the machinery by which we 
ibstantially affect the ability 

States industry to be competi 
world-wide 


the ruly economy 


which now exists 


Classic Approaches 


The classic approaches to a favorable 
ve. position are very familiar to 
United States industry superior and 
effective use of materials, ever-increasing 
productivity, early application of new 
technology, and improved effectiveness of 
distribution and consumption of goods 
he potential in each of these approaches 
is greater than ever today, but it must 
be admitted that we cannot pursue some 
of them ery far without coming up 
against standards 
At present there are many and wide 


differences vetween United States and 


standards. Generally those of the 


foreleg} 
United States are the more demanding. 
They often, for example, specify tempera 
ture limits which require use of more 
material 

‘If, then, United States industry is to 
be world-competitive, factors of reliability, 
service, and so « should be evaluated in 
terms of stated wants and needs. When 
standards do not serve to measure such 
values, or when they erect requirements 
which are not rewardable they must 


clearly and surely be changed 


Matter of Mechanics 


This brings us to the matter of the 
mechanics involved in writing standards 
today—which is a complex matter indeed 
AIEE and a number of other professional 
societies have been deeply involved in 
standards work for a long time, and have 
made great contributions. Also in the elec 
trical field, of course, there are the trade- 
association groups such as NEMA (Na 
Electrical Associa 


tional Manufacturers 


tion) in the manufacturers’ 
areas of interest, and EEI (Edison Electric 
Institute) and AEI¢ 


son Hluminating Companies) in the fields 


equipment 
(Association of Edi 


of operating users’ interests 
“When we look at all the standards 
work being done by all these people, we 


see a terrifically complicated process for 


setting standards. There are cases where, 
in order to get a simple standard estab 
lished, the matter must pass as many as 
9 or 10 decision-making points—at any 
one of which action may occur which will 
require starting all over again. In short, 
we obtain standards only with very high 
expenditures—in money and in the time 
of those directly involved. 


“I therefore heartily commend to the 
Institute some extraordinary attention to 
standards. As a group acting primarily as 
professional people, AIEE has outstanding 
qualifications for dealing with the funda 
mental engineering technologies involved 
in standards. I would hope that the In 
stitute might be increasingly effective in 
this role.” 


Which Institute Technical Groups 


Do Members of AIEE 


IN the May issue of Electrical Engineering, 
on pp. 372-3, a fairly comprehensive re 
port was given of the state of the broad 
Institute Technical Group (ITG)_ pro- 
gram. A table indicated the extent of the 
interest shown in each Technical Commit- 
tee, as shown by ITG returns, as well as 
by the 1960 membership interest survey. 
The number of persons interested in the 
individual technical committees in that 


report ranged from | to 233. 


Member Response 


Readers might be curious as to how geo- 
graphically widespread the interest is in 


IlGs among the membership. This can 


be assessed from the fact that, out of 119 


Communication Division 
DATA COMMUNICATIONS & 
rELEGRAPH SYSTEMS 


General Applications Division 
DOMESTIC & COMMERCIAL 
APPLICATIONS 


Industry Division 


FEEDBACK CONTROL SYSTEMS 
INDUSTRIAL CONTROL 


(Send no money) 


(Please print) 


RETURN TO: 
AIEE Headquarters 


345 East 47th Street 
New York 17, New York 


Signed 
Address 


Want To Join? 


Sections, there were 106, some of whose 
members returned cards or tear-outs as a 
result of the January 1961 initial an- 
nouncement. 

Since the ITGs were conceived as a 
means to serve the Institute membership 
where there is demonstrated interest, it 
seems appropriate that early promotional 
efforts should be concentrated on bring 
ing into existence a few of these groups 
associated with some of the technical com- 
mittees in which the most active interest 
has been shown. 

With this in mind, the ITG Co-ordina- 
tion Subcommittee and the six Divisions 
of the Technical Operations Department 
are anxious to hear soon from all mem- 
bers who are interested in joining one o1 


ee nnn nr cnr cr cscs csr as cscscsccacscaceacsncacseaceneeaneeneneeeeee s 


Please add my name to the list of prospective members for the Institute Technical 
Groups checked below. | understand that | will be billed $4.00 for each group checked 
as soon as the number of petitioning members reaches 300 for that group. 


Instrumentation Division 


(.] AERO-SPACE INSTRUMENTATION 


Power Division 

[-] POWER GENERATION 

(.) SYSTEM ENGINEERING 

([] TRANSMISSION & DISTRIBUTION 


Science & Electronics Division 
[] BASIC SCIENCES 

[] COMPUTING DEVICES 

( ELECTRONICS 








Care of ITG CO-ORDINATION COMMITTEE 
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more of the ITGs appended to the Tech- 
nical Committees named on the coupon 
which appears on p. 704. 

It will be noted that in the Communi- 
cation Division there will be a single joint 
ITG covering the scopes of both technical 
committees named. In the Industry Divi- 
sion, the ITG promulgated by the Feed- 
back Control Systems Committee is to be 
called the Automatic Control ITG. 


Coupon Should Be Returned 


Members who have already sent in other 
ITG coupons are urged to send this new 
one also. At Headquarters they will be 
matched to prevent duplication. 

In which one or more of the I1 pros- 
pective [TGs would you like to hold mem- 
bership? Please indicate your desires on 
the coupon at the bottom of p. 704° and 
return as promptly as you can to AIEE 
Headquarters, 





Request Due for Nominees 
of Five Recognition Awards 


A request for nominations for the five 
awards administered by the Recognition 
Awards Committee will appear in detail 
in the November issue of Electrical En- 
gineering. AIEE members who have new 
nominations in mind might begin to 
prepare the biographical material at 
this time for the following awards: 

Medal in 

Education 

William M,. Habirshaw Award in 

Transmission and Distribution 


Electrical Engineering 


Mervin J. Kelly Award in Telecom- 
munication 

Morris E. Leeds Award in Electrical 
Measurement 


David Sarnoff Award in Electronics 


Nomination forms may be obtained 
by writing to Mrs. A. L. Landres, Sec- 
retary of the Recognition Awards Com- 
mittee, at Institute Headquarters, 345 
E. 47th St., New York 17, N. Y. 
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Fall General Meeting Scheduled 
for October 15-20 in Detroit, Mich. 


THIS YEAR, the AIEE Fall General 
Meeting will be held in Detroit, Mich., 
October 15-20, with headquarters at the 
Statler-Hilton Hotel. The technical pro- 
gram, inspection trips, and social activities 
will occupy the entire facilities of the 
Statler-Hilton during the meeting. 

The Detroit Section, host for the meet- 
ing, has extended a hearty welcome to all 
members, their families, and guests. De- 
troit, the automotive center of the coun- 
try, is easily accessible by automobile, 
Great Lakes boat, rail, or air from all 
parts of the continent. 


67 Technical Sessions Planned 


Sixty-seven technical sessions are being 
organized by the 62 technical committees 
in the six divisions of the Technical Op- 
erations Department. Seven of these ses- 
sions will comprise the 2nd Annual Sym- 
posium on Switching Circuit Theory and 
Logical Design sponsored by the Com- 
puting. Devices Committee. 

The General Session will be held Mon- 
day afternoon, October 16. In addition to 
an address by AIEE Pres. W. H. Chase, 
the featured speaker will be G. W. Rom- 
ney, president of American Motors Corpo- 
ration. L. C. Mariani, Mayor of the City 
of Detroit will extend a hearty welcome 
to the city. 

The Recognition Awards Committee has 
recommended that five awards be pre- 
sented to three AIEE members and two 
nonmembers at the General Session. The 
awards and their recipients are as follows: 


Medal in Electrical Engineering Educa- 
tion—G. F. Corcoran (M’'35, F’50), professor 
and chairman of electrical engineering, 
University of Maryland, College Park, Md. 


William M. Habirshaw Award—S. B. 
Griscom (M’40, F’48) advisory engineer, 


Electrical Utility Engineering, Westing- 
house Electric Corporation, East  Pitts- 
burgh, Pa 


Morris E. Leeds Award—T. A. Rich, 
consulting engineer, General Engineering 
Laboratories, General Electric Company, 
Schenectady, N.Y. 


Marvin J. Kelly Award—Harry Nyquist 
(M24, F’51), retired, Bell Telephone Labo- 
ratories, Murray Hill, N.J. 


David Sarnoff Award—C. H. Townes, 
professor of physics, Columbia University, 
New York, N.Y. 


Hotel Reservations 


A large block of rooms has been set 
aside for reservation requests at both the 
Statler-Hilton and, just across the street, 
the Tuller Hotel. The hotel reservation 
card which accompanies the announce- 
ment should be used. The room rates per 
day are as follows: 


Statler-Hilton, 1539 Washington Blvd 
Single bedroom $7 to $13.50 
Double bedroom $13.00 to $17.50 
Twin bedroom $13.50 to $25.00 
Suite $25.00 to $95.00 


Tuller, 521 Park 
Single bedroom $5.00 to $12.00 
Double bedroom $8.00 to $12.00 
[win bedroom r $9.00 to $14.00 
Suite $12.00 to $30.00 
Room for 3 and 4 $12.00 to $14.00 


50th Anniversary Dinner-Dance 


The Michigan Section is sponsoring a 
gala birthday party to celebrate its Golden 
Anniversary. It will be a fun-filled event 
at an unbelievably low bargain pric« 

Che party will be held on Tuesday, Oc- 
tober 17, at the Latin Quarter in Detroit. 


THE Master Graphic Control Panel (right photo) in the new Detroit 
General Post Office will be viewed during an inspection tour to be 
conducted at the Fall General Meeting. This post office is of major 


- s 
’ q 
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importance to the nation as well as to Detroit and Michigan, because 
here are assembled the postal machines of the future. The ‘“‘memory 


drum" (left photo) controls parcel destinations at the post office 
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A GALA birthday party is planned by the Michigan Section, which will celebrate its Golden 
Anniversary on Tuesday, October 17, at the Latin Quarter in Detroit (above). A social hour, 
smorgasbord, a musical show, and dancing to an 11-piece orchestra will be on the program 


Ihe low price of $8.50 per person will 
provide a free social hour, a sumptuous 
orgasbord famous in Detroit for its 

ll as its variety of delicious 

ily outstanding musical 

dancing to an I1-piece 
will be sold only on re- 


payment which must be 


attend are urged 

ations in now for choice 

ensure getting their 

be limited. Tick- 

ets wil attendees’ names 

and distributes t the AIEE registration 

cle sk 

Send vour che made payable to AIEF 

1961 Fall General Meeting, to: H. R. Wil 

liams, The Detre Edison Company, 2090 

Second Ave., Det 26, Mich 
(,.0 


Room 10 

Tables seating from 4 12 are avail 
able, and those wishing complete tables. 
should send their checks to cover the size 
of tables desired. Members are advised not 
to put this off and miss a party they will 


long remembei 


Thursday Evening Party 


For the men, their guests, and the ladies 
a party with a difference! For an eve 
ning of fun, and just for fun, on Thurs 
day, October 19, starting at 8:00 p.m., 
those attending can test their luck at oun 
Casino,” the likes of which would make 
Las Vegas and Reno jealous 

In a club atmosphere, everyone may use 
his skill and his luck to play “like a mil- 
honaire 

The cost of $4.25 each will cover the 
complete expenses for the evening, includ- 


with the poke provided 


ing fun, food, and beverages. As the num- 
ber is limited, each should indicate how 
many reservations he wants, and they will 


4060 


be held at the Entertainment Desk in the 
registration area 


Inspection Tours 


Ihe inspection trips being planned for 
the Fall General Meeting are as follows: 


Vonday, October 16 (8:30 aan Ford 
Motor Company Rouge Plant. The ap- 
proximate cost of the trip is $2.00. 


Tuesday, October 17 (8:45 a.m.) General 
Motors Technical Center. 
The approximate cost of the trip is $2.00. 


Corporation 


Tuesday, October 17 (1:30 p.m.) Micht- 
gan Bell Telephone Data Processing Cen- 
ter. The approximate cost of the trip is 
$2.00. 


Wednesday, October 18 (9:30 a.m.) The 
National Bank of Detroit. No charges will 
be made for this trip. 


Wednesday, October 18 (9:30 am.) 
Greenfield Village and the Henry Ford 
Museum. No planned inspection trip to 
these facilities is offered. However, trans- 
portation is available for a limited num- 
ber who may wish to avail themselves of 
an opportunity to go back in electrical 
history. These facilities are open to the 
public the year around. Lunch may be 
purchased on the grounds in the Garden 
Terrace or nearby at the Dearborn Inn. 
The approximate cost of $2.00 is for 
transportation only. 


Wednesday, October 18 (1:00 p.m.) En- 
rico Fermi Atomic Power Plant. The ap- 
proximate cost of this trip is $3.00. 


Wednesday, October 18 (7:00 p.m.) In- 
ternational Salt Company, Detroit Mine. 
The approximate cost of this trip is $2.00. 


Thursday, October 19 (8:45 a.m.) Chrys- 
ley Corporation, Lynch Road Plymouth 
Plant. The approximate cost of the trip 
is $2.00. 


Thursday, October 19 (1:15 p.m.) Uni- 
versity of Michigan, Phoenix Memorial 
Laboratory 
trip is $2.00. 


The approximate cost of the 


Thursday, October 19 (1:39 p.m.) The 
New Detroit General Post Office. The 
approximate cost of this trip is $1.00. 





ability. 


widely used. 





Electrical Engineering Completely Restyled 
Effective with October Issue 


IN keeping with the times, and effective with the October 196] issue, 
Electrical Engineering will be completely restyled from cover to cover. 
\ new format and modern type faces will enable readers to grasp more 
quickly the import of the presentations and will improve the read- 


The well-known designer and typographical consultant, Franz C, 
Hess, has been engaged for several months in making layouts, selecting 
type, and streamlining the design which will emphasize the dignity and 
distinction of a professional magazine. Mr. Hess, the head of Huxley 
House, needs no introduction to the advertising fraternity, having 
been active in the redesigning of several national magazines including 
Life and Reader's Digest. He has been honored by the American In- 
stitute of Graphic Arts in its “Fifty Books of the Year” awards for 
design work on behalf of the Metropolitan Museum of Art and has 
been responsible for the introduction of several modern type faces now 


The editors feel confident that readers will be pleased with the im- 
provement in readability resulting from use of the new type faces and 
with the effect of unity in the enhanced appearance of the magazine. 
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AIEE-IRE-ISA Joint Nuclear Instru- 
mentation Conference* 

North Carolina State College 
Raleigh, N. C. 

September 6-8, 1961 


AIEE-ASME-IRE-AIChE Engineer 
ing Management Conference* 
Hotel Roosevelt 

New York, N. Y. 

September 14-15, 1961 


Petroleum Industry Conference* 
Jung Hotel 

New Orleans, La. 

September 17-20, 1961 


AIEE-ISA-IRE Industrial Electrons 
ics Conference* 

Bradford Hotel 

Boston, Mass. 

September 20-21, 1961 


AIEE-ASME National Power 
Conference* 

St. Francis Hotel 

San Francisco, Calif. 
September 24-27, 1961 


ECPD 29th Annual Meeting 
Sheraton Hotel 

Louisville, Ky. 

October 2-3, 1961 


Middle Atlantic (Fall) Textile 
Conference* 

Barringer Hotel 

Charlotte, N. C. 

October 5-6, 1961 


AIEE-IRE-EIA-SMPTE National 
Electronics Conference* 
Sherman Hotel 

Chicago, Ill. 

October 9-11, 1961 


Fall General Meeting* 
Statler-Hilton Hotel 
Detroit, Mich. 
October 15-20, 1961 


Machine Tools Conference* 
Faust Hotel 

Rockford, Ill 

October 16-18, 1961 


ATEE-IRE-U of Nebr. Biomedical 
Instrumentation and Engineering 
Conference* 

Sheraton-Fontenelle Hotel 
Omaha, Nebr. 

October 26-27, 1961 


Western Appliance Conference 
Biltmore Hotel 

Los Angeles, Calif. 

November 6, 1961 

(Final date for +TP—closed, {CP 
Syn.—closed, CPMs—Sept. 1) 


AIEE-IRE Nonlinear Magnetics 
Conference 

Statler-Hilton Hotel 

Los Angeles, Calif. 

November 6-8, 1961 

(Final date for +TP—closed, {CP 
Syn.—closed, CPMs—Sept. 1) 


AIEE Future Meetings 


NOTICE TO AUTHORS 


Strict compliance with the “‘Au- 
thor’s Guide" will save you 
time, delays, and unnecessary 
correspondence. For a copy, 
write to E. C. Day, 345 East 
47 Street, New York 17, N. Y. 








AIEE-AIP Magnetism and Mag- 
netic Materials Conference 
Westward Ho Hotel 

Phoenix, Ariz 

November 12-16, 1961 

(Final date for +TP—closed, 
Syn.—closed, CPMs—Sept. 8) 


AIEE-IRE-ACM Eastern Joint 
Computer Conference 
Sheraton-Park Hotel 

Washington, D. C. 

December 10-14, 1961 

(Final date for +TP—Sept. 11, {CP 
Syn.—Sept. 26, CPMs—Oct. 6) 
AIEE-IRE-ASQC National Sympo- 
sium on Reliability Control 
Statler-Hilton Hotel 

Washington, D. ¢ 

January 9-11, 1962 

(Final date for +TP—Oct. 11, 
Syn.—Oct. 26, CPMs—Nov. 6) 


Winter General Meeting 

Hotel Statler 

New York, N. Y. 

January 28-February 2, 1962 

(Final date for +TP—Oct. 30, {CP 
Syn —Nov. 9, CPMs Nov 24) 


AIEE-IRE-U of Pa. International 
Solid-State Circuits Conference 
University of Pennsylvania 

and Sheraton Hotel 

Philadelphia, Pa. 

February 15-16, 1962 

(Final date for +TP—Nov. 17, tCP 
Syn.—Dec. 8, CPMs—Dec. 19) 


AIEE-IRE-AEC-NBS 8th  Scintilla- 
tion and Semi-Counter Conference 
Shoreham Hotel 

Washington, D. C. 

March 1-2, 1962 

(Final date for +TP—Dec. 1, tCP 
Syn.—Dec. 15, CPMs—Dec. 26) 


Cement Industry Conference 
St. Louis, Mo. 

April 3-5, 1962 

(Final date for +TP—Jan. 3, tCP 
Syn.—Jan. 18, CPMs—Jan. 29) 


South Central District Meeting 
Hotel Peabody 

Memphis, Tenn. 

April 4-6, 1962 

(Final date for +TP—Jan. 4, DPMs 
—Jan. 29) 


Rubber and Plastics Industries 
Conference 

Sheraton Hotel 

Akron, Ohio 

April 9-10, 1962 

(Final date for +TP—Jan. 9, {CP 
Syn.—Jan,. 24, CPMs—Feb. 2) 





AIEE-ASME-EIC Railroad Confer- 
ence 

King Edward Hotel 

Toronto, Ont., Canada 

April 10-11, 1962 

(Final date for +TP—Jan. 10, tCP 
Syn.—Jan. 25, CPMs—Feb. 5) 


Great Lakes District Meeting 
Hotel Van Orman 

Fort Wayne, Ind 

April 18-20, 1962 

(Final date for +TP—Jan. 18, DPMs 
—Feb. 9) 


Mid-America District Meeting 
Hotel Chase 

St. Louis, Mo 

April 30-May 2, 1962 

(Final date for +TP--Jan. 30, DPMs 
—Feb. 23) 


Middle Eastern District Meeting 
Hotel DuPont 

Wilmington, Del. 

May 7-9, 1962 

(Final date for +TP—Feb. 6, DPMs 
—Mar. 2) 


North Eastern District Meeting 
Hotel Statler 

Boston, Mass 

May 9-11, 1962 

(Final date for +TP—Feb. 8, DPMs 


—Mar. 5) 


Joint District Meeting 

Erie, Pa 

May 14-16, 1962 

(Final date for +7TP—Feb 13, DPMs 


—Mar. 9) 


AIEE-ISA-ARS-IAS National Tele- 
metering Conference 

Sheraton-Park Hotel 

Washington, D. ¢ 

May 23-25, 1962 

(Final date for +T7P—Feb. 22, {CP 
Syn.—Mar. 9, CPMs—Mar. 19) 


Summer General Meeting 

Hotel Denver Hilton 

Denver, Colo. 

June 17-22, 1962 

(Final date for +TP—Mar. 19, CPMs 
—April 11) 


ATEE-AIChE-IRE-ISA-ASME Joint 
Automatic Control Conference 
New York University 

New York, N. ¥ 

June 27-29, 1962 

(Abstracts due Oct. 15, Final text 
due Nov. 15) 


IFIPS Congress 

Munich, Germany 

August 27-September 1, 1962 
(Abstracts due Sept. 15) 


*Final date for submitting papers— 
closed 


+TP—Transactions Paper 

tCP Syn.—Conference Synopsis 
CPMs—Conference Manuscript 
DPMs—District Manuscript 

(District Paper Synopses should be di- 
rected to the District Meeting Com- 
mittee) 
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8th Petroleum Industry Conference 


Slated for September 17-20 in New Orleans 


rHE &th Electrical Conference of the 
Petroleum Industry will be held Septem- 
ber 17-20 at the Jung Hotel in New Or- 
leans, La 

here is much to interest those who 
come to New Orleans, a popular conven- 
tion city. The Vieux Carre provides old 
world charm. The Port of New Orleans, 
second busiest in the United States, is 
Bourbon 
joie de vivre.” Within 


typical of modern progress 
Street provides the 
a radius of 100 miles are vast reserves of 
natural resources, including oil, gas, salt, 
and sulphur. The fishing resources are 
extensive 

Ihe Jung Hotel, headquarters for the 
conference, has allotted a full complement 


of rooms. Rates are as follows 


Single room $8 to $10 
Double roon 12 to 14 


Twin roor 13 to 16 


Suites 23 and up 
Registration will take place in Lounge 
No. 1 on Sunday at 4 p.m. to 7 p.m., and 
Monday through Wednesday from 8 a.m 
to 4 p.m 

Authors’ breakfasts will be held at 7:30 
a.m on Tuesday and Wednesday morn- 
ings in Room No. 3. Authors of papers 
presented on Monday are invited to break 
Authors of 
papers presented Tuesday and Wednes 


fast on Tuesday morning 

lay mornings are invited to breakfast on 
espective mornings 

cocktail hour and dinner will be held 

lay evening, September 19. This high 

the social activities of the con 

ill be in 


New Orleans tradition of hos 


keeping with the 


Music during and after dinner 
ovided by Russ Papalia and his 


Inspection Tours Planned 


Inspection trips will be made Tuesday 


at 12:00 noon to the following places 


Marshland O 1. South Louisiana 
has a petroleum p ictivity per squaré 
mile higher than ar similar region in 
the United States. The producing sands 


are at depths of approximately 10,000 





PREPRINT PRICES 


50¢ to Members 
$1.00 to Nonmembers. 


ALL MAIL ORDERS must be accom- 
panied by remittance in full or 


( oupons 


COUPON BOOKS in $10 denomina- 
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345 East 47th Street 
New York 17, N. Y. 











feet. The fields are characterized by isola- 
tion from land transportation and conven- 
tional utilities. The tour will include 
visits by boat to typical well heads, pro- 
duction facilities, field compressor sta- 
tions, and drilling rigs. 


New Orleans Water 
Board. The City of New Orleans is in the 
unique position of being required to lift 
all of its rainfall by pumps to an eleva- 
tion above Gulf level to effect drainage. 
This is performed by a complex of gen- 
power 
distribution system, and 12 electric motor- 


Sewerage and 


erating plants, an independent 


driven pumping plants involving some 
60,000 hp capacity, and designed for the 
utmost in reliability. The technique and 
designs are unconventional and interest- 
ing 


Shell Oil Refinery. This refinery 20 
miles above New Orleans has been pro- 
gressively modernized to keep abreast of 
processing technology. The trip will in- 
clude stops at tanker-loading facilities and 
a lease automatic custody transfer facil- 
ity in a producing field near the refinery. 


Offshore Oil Deve lopment Operations 
(Film Available time, 
and transportation complexities have pre- 


erratic weather, 
vented scheduling of inspection trips into 
the Louisiana offshore area. However, a 
program of films has been arranged cover- 
ing offshore construction, the development 
and use of an offshore drilling unit ca- 
100-foot-marker 
water depths and the combating of an 


pable of operating in 


offshore well fire 


Room No. 4 will be reserved as a Hos- 
pitality Room for ladies’ activities. Coffee 
will be served morning and afternoon. 
Bridge tables and cards will be available. 
Tickets for all ladies’ activities will be 
obtainable at the Registration Desk. 

On Monday, the Hospitality Room will 
open for ladies at 10:00 a.m., and the gen- 
eral luncheon will be served at noon in 
the Charcoal Room. At 2:00 p.m., the 
ladies will be conducted on a Grey Lines 
bus tour of New Orleans, which will pro- 
vide an opportunity to see famous his 
torical landmarks 

Breakfast at Brennan’s will be held 
Tuesday at 10:00 a.m. At 1:00 p.m., a 
walking tour of the Vieux Carre is sched- 
uled. French and Spanish architecture 
will be seen along with patios, antique 
shops, the St. Louis Cathedral, and Jack- 
son Square 

Ihe ladies will take a sightseeing river 
trip on Wednesday at 10:00 a.m., on the 
Good Neighbor, a sightseeing vessel op- 
erated by the Port of New Orleans from 
which can be seen many of the thou- 
sands of ocean-going vessels which use the 
port annually. 


Attendance fees are as follows: 


Registration 
ATEE members se 
Nonmembers es pec 
Ladies and students no charge 
Monday General Luncheon 
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Tuesday Cocktail Hour and Dinner 

Inspection Irips 

The conference is sponsored by the 
Petroleum Industry Committee of AIEE 
and the New Orleans Section, AIEE. 

The New Orleans conference committee 
is composed of: Chairman—W. D. Stroud, 
Okonite Company; Vice-Chairman—E. S. 
Dobbs, Bedell and Nelson, engineers; 
Secretary—M. L. Hustell, New Orleans 
Public Service, Inc.; Printing and Program 
—J]. W. Barnes, Mid-South Sales Co., Inc.; 
Technical—Todd Sutton, General Electric 
Company, Baton Rouge; Publicity—L. B. 
Davis, Westinghouse Electric Company; 
Banquet—Jim Warren, I-T-E_ Circuit 
Breaker Company; Registration and Hotel 
—J. P. Hynds, Westinghouse Electric Com- 
pany; Finance and  Budget—Leonard 
Ramon, New Orleans Public Service Inc.; 
Student Activities—Jim Cronvich, Tulane 
University; Arrangements—C. P. Knost, 
Moloney Electric Company; Reception— 
Harold Deloney, Louisiana Power and 
Light Company; Inspection Trips—Stan- 
ley Bird, California Company, and Ladies 
Activities—O. E. Barron. 


Tentative Program Given 


The tentative program for the confer- 
ence follows: 


Monday, September 18 

10:00 a.m. General Session 

Opening Remarks—W. D. Stroud, conference 
chairman 


Invocation—Rev. Clyde Frazier, minister, Lake 
Vista Methodist Church 


Welcome—Mayor del S 
Orleans, La 


Keynote Address—K. H. 
California Co 


Morrison of New 


Shaffer, president, 


12:00 noon General Luncheon 
Presiding—Sevmour Cambias, chairman, New 
Orleans Section AIEE 


Speaker—G. C. Rawls, president, Louisiana 
Power & Light Co 


2:00 p.m. General Technical Session 
Electronic Instrumentation and Control in the 
Petroleum and Petrochemical Industry 
Presiding—Jules Jacquin, Dow Chemical Co. 


CPA61-5002. Electronic Instrumentation—Past, 
Present and Future. P. Drinker, V. V. Tivy, 
Foxboro Co 


CP61-991. Considerations in the Selection of 
D. C. Control Signals. D. T. Cusack, Hagan 
Chemicals & Controls 


CPA61-5003. Factors in the Choice of Process 
Instrumentation—A Consultant's Viewpoint. 
Ward O'Connor, Lummus Co 


CPA61-5004. Electronic Control of an Electric 
Reforming Furnace. A. Johnson, Dow 
Chemical Co. 


5:00 p.m. Subcommittee meetings 


Manufacturing 
Production 


Transportation 


Tuesday, September 19 


8:30 a.m. Subcommittee Technical Sessions 
—Subcommittee Chairmen Presiding 
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Manufacturing 
G. H. St. Onge, Presiding 


CP61-990, Refinery Power System Planning for 
Serving Large Motor Loads. G. W 
ham, General Elec. Co. 


Cunning 


CPA61-5005. Economics of Selection of Large 
Motor Drivers and Problems in their Applica 
tion. R. E. Daze, H. ¢ Mayo, J. A. Stewart, 
M. W. Kellogg Co 


CP61-1001. Static Excitation for Synchronous 
Motors. E. R. Hoyle, M. N. Halberg, General 
Elec. Co 


Production 
W. E. Withers, Presiding 


CPA61-5006. Progress in Electrification of Land 
Drilling Rigs. J. P. Wagnon, Parker Drilling 
Co.; G. W. Webb, General Elec. Co. 


CPA61-5007. The Ability of Contacts in Low 
Current Control Systems to Cause Ignition of 
Hydrocarbon-Air Mixtures. R. S. James, U. § 
Dept. of Interior 


CP61-995. General Aspects in the Automation 
of Offshore Oil and Gas Production. H. D 
Gant, Axelson-Garrett Div. of U. S. Industries 


Transportation 
J. J. Sonnier, Presiding 


CPA6I1-5011. Automation of Gas Transmission 
Through Digital Control. D. C. Washburn, 
Westinghouse Elec. ¢ orp. 


CPA61-5012. Design and Operation of Auto 
matic Control for Longview Compressor Station 
of Texas Eastern Transmission Company. F. P 
Gertson, A. G. Fitch, Texas Eastern Transmis 
sion Co, and Westinghouse Elec. Corp 


CP61-992. Electrical Design Features of Mid 
America Pipe Line. G. E. Mace, Mid-America 
Pipe Line Co 

Protective Relay Setting and Co-ordination for 
Pipe Line Pumping Stations. O. F. Zedler, Jr., 
L. U. Eidson, Humble Pipeline Co. and West- 
inghouse Elec. Corp. 


6:30 p.m. Cocktail Hour 


7:30 p.m. Dinner 


Wednesday, September 20 


9:00 a.m. Subcommittee Technical Sessions 
—Subcommittee Chairmen Presiding 


Manufacturing 
G. H. St. Onge, Presiding 


CP61-994.Application of the Electric Tracing 
in Petroleum and Chemical Plants. R. G. Med 
ley, W 1. Shafer, Union Carbide Chemicals 
Co 


CPA61-5001. New Static Devices Applied With 
Switchgear. E. R. Brucklacher, Allis-Chalmers 
Mfg. Co 


CP61-999 Train and Develop Your Electronic 
Instrument People. N 4 
Co. 


CPA61-5000. Control of a Petroleum Process 
Unit with a Large Scale Digital Computer 
E. N. Ply, A. D. Pendleton, Amer. Oil Co. and 
IBM 


inderson, Foxboro 


Production 

W. E. Withers, Presiding 

CP61-1002, User's Experience with Inherently 
Protected Motors, Frank Beach, Frank Best, 
Cities Service Petroleum Co 

CPA61-5008. A 440/762 Volt Oilfield Combina 
tion Starter. T. L. Scott, Phillips Petroleum 
Co. 


CPA61-5009. Lightning Protection for Oil 


Field Equipment. J. K. Howell, Westinghouse’ 


Elec. Corp. 


CPA61-5010. Maintenance of Lease Electric 
Equipment. H. H. Halderson, Phillips Petrol- 
eum Co, 
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Transportation 
J. J. Sonnier, Presiding 


CP61-996. Computer Application to Dispatch- 
ing. T. C. Heard, General Elec. Co. 


CPA61-5015. Methods of Economic Valuation. 
S. R. Evans, Shell Pipe Line Corp 


CPA61-5013. Digital Telemetering for Pipe 
Line Systems. P. D. Woodruff, General Elec 
Co, 


CP61-997, Technicians for a Remotely Oper- 
ated Pipe Line 1 R. Heidebrecht, F. §S. 
Jones, Platte Pipeline Co 


12:00 noon Joint Planning Group 
Luncheon 


2:00 p.m. General Technical Session 


Computer Control in the Petroleum and 
Petrochemical Industry 


Presiding—E. B. Turner, Secretary, Petroleum 
Industry Conference. 


CP61-998. On-Line and Off-Line Computer Ap- 
plications in the Petroleum Industry J 
Moore, F. R. Currie, Bonner & Moore Engi- 
neering Associates 


CP61-1000. Tying the Digital Control Com- 
puter to an Industrial Process. W. M. Gavies, 
W. N. Patterson, General Elec. Co 
CPA61-5005. A Mobile Logger Using Magnetic 
Tape for Digital Data Storage. M. O. Bird, 
|. F. Draffen, Monsanto Chemical Co 
CP61-1003. On-Line Computer Control. W. ¢ 
Johnston, Universal Oil Products Co 
CP61-998. Electrical Features of an “On-Line 
Computer Control System for a Petro-( hemical 
Process. ( H. Thurman, Monsanto Chemical 
Co 


5:00 p.m. Petroleum Industry Committee 
Meeting 


Thursday, September 21 


8:00 a.m. Executive Committee Meeting 


Winners of District Prize Papers 


Published in Transactions Announced 


WINNERS of the District prizes for the 
best paper of 1959-60, published in the 
Transactions and prepared by a resident 
of the District, have been named. The 
first prize consists of a certificate and $75, 
and the second prize, a certificate and 
$50 

Recipients of these awards and the titles 
of the winning papers are as follows: 


District 1 

First Prize—An Analysis of Solid Rotor 
Machines (4 papers). 4. J. Wood, C. Con- 
cordia 

Second Prize—The Calculation of Attenu- 
ation Constants for Radio Noise Analysis 
of Overhead Lines. G. E. Adam, L. O. 
Barthold 


District 2—No awards 


District 3 

First Prize—Strategy for Expansion of 
Utility Generation. D. N. Reps, J. A. Rose 
Second Prize—An Analysis of Transfer in 
Gas Shielded Welding Arcs. W. J. Greene 


District 4 

First Prize—A Circular Polarization Du- 
plexer for Millimeter Waves. R. G. Fellers 
Second Prize—A New Impulse Metering 
System. C. J. Snyder, C. A. Booker, Jr. 


District 5 

First Prize—Theory of Economic Selection 
of Generating Units. K. L. Hicks 

Second Prize—Inductors Biased with Per- 
manent Magnets—Part II. J. T. Ludwig 


District 6 

First Prize—Omaha Public Power District 
161 KV Substation Design. H. C. Sampers 
Second Prize—Wire Line and 
Communications on the Union 
Railroad. J. O. Jett 


Carrier 
Pacific 


District 7 

First Prize—A New Method of Making 
Transmission Loss Formulas by Means of 
Eigenvalues and Modal Matrices. E. E. 
George 

Second Prize—Investigation of the Feas- 
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ibility of Aircraft 
Flight Control Systems for Minimum 
Probabalistic Error. Z. Zaborszky, J. W 
Diesel 


Designing Howing 


District 8 

First Prize—A Break- 
Down Phenomenon in Selenium Rectifiers. 
A. C. English, W. H. Tobin 
Second Prize—Instrument 
nisms With Backlash, Coulomb Friction 
and Stiction. M. P. Pastel, G. J. Thaler 


Non-Destructive 


Servomecha- 


District 9 

First Prize—New Distribution Substations 
for Direct 230 KV to 12 KV transforma- 
tion on the B. C. Electric Company Sys- 
tem. M. B. Callander 

Second Prize—Telemetering Applications 
and Operating Experience on a Large 
Power System. D. E. Johannson 


District 10 

First Prize—Magnetic Flux Pattern In- 
strumentation Using Hall Probes. Herbert 
Hollitscher 

Second Prize—No Award 


District 11 

First Prize—The Magnetic Analog, With 
Spiral Search Coils. A. D. Moore 
Prize—Instrumentation for the 
Diagnosis of Coronary-Artery 
D. F. Moyer, G. D. Talbot 


Second 
Disease. 


District 12 

First Prize— Magnetization in 
Wound Cores. R. C. Barker 
Second Prize—Some Characteristics of 
Audible Noise of Power Transformers and 
Their Relationship to Audibility Criteria 
and Noise Ordinances. R. J. Ringlee, M 
W. Schulz, Jr 


Tape 


District 13—No Award 


District 14 

First Prize—Strategy for Expansion of 
Utility Generation. D. N. Reps, J. A. Rose 
Second Prize—Analytical Studies of the 
Brushless Excitation System. R. W. Fer- 
guson, R. Herbst, R. W. Miller 
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APPEARING in front of the Paper Technology entrance to McCracken Hall at Western Michigan 
University are members of the General Conference Committee of the 1961 Pulp and Paper 
Industry Electrical Engineering Conference. They are: (left to right, in foreground) Homer Earle, 
director, Division of Field Services, Western Michigan University; K. P. Grenfell, General Electric 


Company, Schenectady, N. Y., 


General Electric Company, Kalamazoo, Mich., 


Program Review Committee chairman, and D. B. Gearhart, 
Local Arrangements Committee of the 1961 


conference. Those standing in the background are unidentified 


Pulp and Paper Industry Conference 


onducted at Western Michigan University 


SOME 150 engineers attended the 7th 
Annual Conference on Electrical Engi 
necring as Applied to the Pulp and Paper 
licdustry held June 21-23 at Western 
Michigan University in Kalamazoo, Mich. 

Inspection trips were conducted to the 
nearby paper mills and other nationally 
known firms, which produce a variety of 
products such as pharmaceutical sup- 
plies, and musical and fishing equipment. 
4 Fourdrinier machine located on the 
campus produces most of the university's 
pape! requirements 

Separate committee mectings of — the 
AIEE Pulp and Paper Subcommittee and 
the Electrical Engineering Committee of 
the Canadian Pulp and Paper Association 
were held Wednesday, June 21 

During the AIEE Subcommittee meet- 


ing Atlanta, Ga was selected as the 


location for he &th annual mecting 
tentatively arranged for the third week 
in May, 1962. R. P. Derrick of Westing 
house Electric, Pittsburgh, Pa., was ap- 
pointed Program Review chairman, along 
with W. S$ 
jlanta, who will serve as Local Arrange- 
B. White of the Allis- 
Chalmers Manufacturing Company Nor- 
Publicity 

Cook, 


Cincinnati, 


Hines of Westinghouse, At- 


ments chairman. ¢ 


wood Ohio was appointed 


Committee chairman, and A. ( 


General Electric Company, 
Ohio, was appointed to serve with the 
Publicity Committe 

Dr. Robert Diehm of Western Michigan 
University spoke Thursday morning, June 


? on “Engineering Developments In 
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Paper Making.” Dr. Diehm pointed out 
that lots of timber is going to waste faster 
than it is being used. He also said that 
the helicopter could be used economically 
in logging many areas inaccessible for the 
conventional means of removal to the mill, 


Data Processing Seminar 


During the Data Processing Seminar on 
Thursday, R. P. Derrick of Westinghouse 
Electric discussed the types and methods 
of data logging along with the many in- 
struments now available or under design, 
which may be utilized in measuring paper 
machine variables. Mr. Derrick stated these 
variables may be “read out” periodically 
in a data accumulating process. Mr. Der- 
rick also discussed “process computer con- 
trol” systems involving calculated results 
from the measured variables 
tems, M1 


These sys- 
Derrick said, are not prohibi- 
tively expensive, and computers in general 
should add 8.5 million people to the 
working force. 

Mr. Derrick was followed by W. Mikel- 
son of the General Electric Company, who 
explained that the use of data logging 
and computer equipment is in an early 
stage of development and that the termi- 
nology used is not yet standardized. He 
stated that “the computer is really simple, 
and when compared with human ability 
has the capability of a fourth grader.” 
Mr. Mikelson declared that the large scale 
memory or storage capacity of the com- 
puter is used to great advantage due to 


Institute Activities 


the speed at which it may be utilized in 
scanning its memory. Mr. Mikelson also 
described the many new techniques uti- 
lized in computer systems. 

The third member of the Data Process- 
ing Seminar was H. S. Ogelsby of the St. 
Regis, Jacksonville, Fla. Mr. Ogelsby, in 
his discussion of “Applications,” asserted 
that rising costs in the paper industry 
are being compared to selling prices, but 
not at the same rate. He advised that a 
cautious approach should perhaps — be 
made in the automation of the industry. 

The Thursday luncheon was addressed 
by Dr. John Cruze, director of Summer 
School at Western Michigan University 

Dwain Bates of Potlatch Forest joined 
the Data Seminar with a 
resumé of the study of an International 
Business Machines’ computer application 


Processing 


of their Lewiston operation. Mr. Bates 
said that the purpose of this study is to 
predict quality during operation and to 
minimize off grade material. He advised 
that data 
initiated 


processing should not be 
‘without specific purpose and 
an organized set of data.” 

The afternoon session closed with the 
presentation of a paper on “Boiler Flame- 
Out Control,” given by P. K. Ryder of 


the Electronics Corporation of America. 


Banquet Held 


A banquet in the evening was high- 
lighted by a humorous account of “Bends 
and Breaks” by Rice Kello of Investors 
Division Services, Evansville, Ind. 

The third day of the conference began 
with the presentation of a paper on “The 
Application of Instantaneous-Trip Circuit 
Breakers in Motor Control Centers” by 
C. Rice of the Allen-Bradley Company, 
Milwaukee, Wis. Mr. Rice discussed the 
magnetic trip circuit breaker as it is used 
in “Combination” type starters when co- 
ordinated with the magnetic starter to 
provide short-circuit and overcurrent pro- 
tection for electric motors. 

{ panel discussion on “D.C. Motor and 
Generator Insulation” prompted a ques- 
tion and answer discussion between a 
panel of experts, representing paper mills 
and electrical manufacturers, and the 
audience. The moderator for this panel 
was J. S. Kirkland, Rome Kraft Company, 
who is secretary of the AIEE Subcom- 
mittee. Representatives on the panel were: 
D. E. Bivens, Jr., Olin Mathieson Chemi- 
H. Mur- 
dock, Allis-Chalmers Manufacturing Com- 
pany, Norwood, Ohio; P. ‘T. Schuermann, 
General Electric Company, Schenectady, 
N.Y.; A. G. Posluszny, Westinghouse Elec- 
tric, Buffalo, N.Y., and W. Stiffler, Reli- 
ance Electric and Engineering Company, 
Cleveland, Ohio 

rhis panel discussion resulted in agree- 


cal Company, West Monroe, La.; 


ment that the d-c motor and generator 
is being steadily improved as a result of 
research and new development in the 
area of improved organic varnishes and 
protective coatings employing polyester 
and epoxy. 

This conference was jointly sponsored 
by the Pulp and Paper Subcommittee of 
AIEE, the Western Michigan Section of 
AIEE, and the Department of Pape 
Technology, Western Michigan Univer- 
sity. 


ELECTRICAL ENGINEERING 





Nuclear Instrumentation Symposium 


Scheduled September 6-8 at Raleigh, N.C. 


THE 1961 Joint Nuclear Instrumentation 
Symposium is scheduled for September 
6-8 at North Carolina State College in 
Raleigh, N. C. The meeting is sponsored 
by the Nuclear Committees of AIEE, the 
Nuclear Industry Division of the Instru 
ment Society of America, and the Profes 
sional Groups on Instrumentation and 
Nuclear Science of the Institute of Radio 
Engineers. 


Tentative Technical Program Announced 


The tentative program for the sympo- 
sium follows: 


Wednesday, September 6 
8:30 a.m. Registration 


Morning Session—Research Instrumenta- 
tion and New Devices 


Reactor Power 
Radiation. J. I 
Lab 

High Current Regulated Supply for the Oak 
Ridge Cyclotron Combining Transistors and 
Magnetic Amplifiers. W. H. White, Jr., B. C. 
Behr, W. E. Lingar, Oak Ridge Nat'l Lab 

Application of Silicon Radiation Detectors. 
LeConte Cathey, Dupont—Savannah River Lab 


Monitor Utilizing Cerenkov 
Lovvorn, Oak Ridge Nat'l 


4 Sub-millimicrosecond Current Amplifier Uti 
lizing an Unusual Transistor Effect. F. T. 
May, R. A. Dandl, Oak Ridge Nat'l Lab 


Afternoon Session—Space Instrumentation 


Survey of Space Nuclear Instrumentation. 
G. Ludwig, Goddard Space Center 

Gamma Ray Astronomy in Space in the 50KE\ 
to 3MEV Region. L. Peterson, Univ. of Minn 
Instrumentation for Measurements in the Van 
Allen Belts. W. Wheltley, Univ. of Towa 


University of Chicago Cosmic Ray Experiments 
ibove O.5MEV in Space. J. Lamport, Univ. 
of Chicago 


Thursday, September 7 


Morning Session—Surveys of the State of 
the Art 


Our Changing Views of Reactor Instrumenta 
tion. A. R. Pearson, C. G. Lennox, Atomic 
Energy of Canada 

4 Survey of Instrumentation in Particle Ac 
celerators. W. A. Higgenbotham, Brookhaven 
Nat'l Lab. 

British Review Paper. (To be announced later 


Capability of Safety Systems for Destroying 
Reactors. E. P. Epler, Oak Ridge Nat'l Lab 


Afternoon Session—Plasma Research In- 
strumentation 


A Survey of Plasma Instrumentation. C. Whar- 
ton, Univ. of Calif. Radiation Lab. 


The Use of Electrostatic Probes in Plasma 
Physics. F. F. Chen, Princeton Univ 
Diagnostic Instrumentation in the UCRI 
Plasma Research Program. W. F. Cumming, 
Univ. of Calif. Radiation Lab 

DCX Instrumentation. Herman Postma, Oak 
Ridge Nat'l Lab. 

Soft X-Ray Plasma Diagnostics. F. C. Jahoda, 
Los Alamos 


7:30 p.m. Banquet 


SEPTEMBER 1961 


Friday, September 8 


Morning Session—Process and Monitoring 
Instrumentation 


4 Continuous Photometer for Low Concentra 
tion of Uranium in Aluminum Nitrate-Nitric 
Acid Solutions. C. M. Slansky, E. E. Erickson, 
Philiips Petroleum (National Reactor Testing 
Site) 

In-line Gamma Monitor, Uranium Colorimeter 
J. W. Landry, Oak Ridge Nat'l Lab. 
Savannah River Laboratory Criticality Incident 
Alarm System. J. N. Wilson, Dupont—Savan- 
nah River Lab. 

Failsafe A-C High Low Limit Detector. E. A 
Bianchi, P. Lenk, Stromberg-Carlson 

Fast Response Monitor for Airborne Uranium 
Dust. W. O. Gentry, G. B. Seaborne, Oak 
Ridge Gaseous Diffusion Plast 

Effect of Thermal Neutron Irradiation on 
Thermocouples and Resistance Thermometers 
C. W. Ross, Leeds & Northrup 


Afternoon Session—Design of Systems and 
Instruments 


Digital Computers for Use in Nuclear Power 
Applications. J. Prades, Y. Panis, Ramo-Wool- 
dridge 

Automatic Self-Testing of Reactor Monitoring 
System. D. Fitzgerald, Bendix 

Criteria for Transistorization. E. B. Hubbard 
General Elec 


Nuclear Systems Design for Reliability. J. Z 
Cockrell, J. H Magee, V. S. Underkoffler, 
Leeds & Northrup 


Registration Information Given 


Registration information follows: 
Registration 
(After August 28) 
Members of Sponsoring Societies 
(Including educators) $20.00 
Students (Proceedings $2.50 Extra) 3.00 
Nonmember 25.00 
Banquet and Social Hour 6.00 


A bound set of Preceedings will be 
furnished to registrants. 

Housing accommodations will be avail 
able at $2.00 per night per person for 
double occupancy in a modern dormitory 
on the campus. Meals will be served to 
meal-ticket holders in the cafeteria lo 
cated in meeting facility. Since the 
Debutante Ball will be held in Raleigh 
during the time of the Symposium, it is 
especially important to pre-register and 
make reservations early 

Checks should be made payable to the 
Joint Nuclear Instrumentation Symposi 
um. Further information may be obtained 
by writing to: C. S. Lisser, Steering Com 
mittee chairman, Oak Ridge National 
Laboratory, Oak Ridge, Tenn. 





Membership in the American Institute of Elec- 
trical Engineers, including a subscription to 
this publication, is open to most electrical en- 
gineers. Complete information as to the mem- 
bership grade, qualifications, and fees may 
be obtained from Mr. N. S. Hibshman, Secre- 
tary, 345 East 47th Street, New York 17, N.Y. 





Bronze Bell Commemorates Service 


A BRONZE BELL, commemorating 30 years’ service as a counselor to the Michigan College of 
Mining and Technology student branch of AIEE, was presented to Dr. G. W. Swenson (left), 
former professor and head of the electrical engineering department at Michigan Tech, by V. O. 
York (right), professor of electrical engineering and faculty advisor for the student chapter of 
AIEE. The gift was authorized by the North East Section of AIEE and presented to the Michigan 
Tech student chapter of AIEE to commemorate Dr. Swenson's long term of service to the or- 
ganization. Accompanied by a gavel, the bronze bell will be used to open and close meetings 


of the professional society 


Institute Activities 
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AIEE President Inspects UEC 


AIEE President W. H. 
Chase inspects the air- 
conditioning unit on a 
floor to be occupied 
by the Institute in the 
new United Engineer- 
ing Center (UEC). The 
United Nations Build- 
ing is seen through 
the window 


Ross Photo 





Engineers Joint Council Schedules 


1962 Nuclear Congress and Atomic Exposition 


PUBLIC is in the use of nucleat 
energy, j ll as engineering and ope 
ational problems within the nuclear in- 
dustry, will highlight discussions at the 
technical sessions of the 1962 Nuclear Con- 
gress and Atomic Exposition 

This has been announced by Lombard 
Squires of the E. I. du Pont de Nemours 
& Co., Inc 
which will be held June 4-6, 1962, in the 
New York Coliseum 
of the Engineers Joint Council, Inc. (EJC). 

J. C. Woodhouse of the E. I. du Pont de 
Nemours & Co., In« 


general chairman of the event, 


under sponsorship 


Program Committee 
chairman, said the technical sessions will 
be divided into the following major areas 
Public 


of Advanced Reactors, Nuclear Education 


Aspects of Nuclear Use, Problems 


for Engineers, Computational Problems in 
the Nucleai Application of 
Atomic Physics for Tests of Materials, In- 
Testing Methods, Radio- 
chemical Separation, Fuel Cycling and 
Nuclear Safety 

The Program Committee adopted the 


Industry, 


Sstrumentation 


following definition of the objective of 
the Nuclear Congress and Atomic Expo 
sition 

The 1962 Nuclear 


Exposition will provide profes- 


Congress and 
Atomic 
sional engineers and management with 
an up-to-date review of engineering prob- 
Jems in the nuclear field. It will provide 
state of the art presentations and authori- 
tative reviews by well-qualified and active 
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participants in the application of engi- 
neering to nuclear problems. Major at- 
tention will be focused on the status of 
civilian power reactions on the impact on 
the public of nuclear reactor and radio- 
chemical processing plants and to the 
major issues now facing the nuclear in- 
dustry.’ 

[The Congress manager for the 1962 
Ameri- 
can Institute of Mining, Metallurgical and 


event is Newell Appleton of the 


Petroleum Engineers. 

The Reber-Friel Company of Philadel- 
phia, nationally known exhibit manage- 
ment firm which has managed all the 
previous Atomic Expositions will be in 
charge of the exhibits for the 1962 event. 
Floor plans and other exhibit informa- 
tion are now being readied for distribu- 
tion to the nuclear industry. Firms wish- 
ing to receive these materials may write 
to the Reber-Friel Company at 117 S. 17th 
St., Philadelphia 3, Pa. 

Members of the Program Committee of 
the 1962 Nuclear Congress and Atomic 
Exposition, in addition to Mr. Squires and 
Mr. Woodhouse, are 

J. G. Terrill, Jr., and J. H. Fooks, both 
representing the American Society of Civil 
Engineers; W. D. Manly and B. W. Dun- 
nington, both of the American Institute 
of Mining, Metallurgical and Petroleum 
Engineers; F. D. Acker of the American 
Society of Mechanical Engineers; D. B. 
Preston of the American Water Works 
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Association; J. G. Lundholm of AIEE; 
N. J. Palladino, the American Society for 
Engineering Education; Bernard Mano 
witz, the American Institute of Chemi- 
cal Engineers; Col. W. C. Grible, Capt. 
F. F. Kravath, and Lt..Comdr. E. M. 
Saunders, all with the Society of Ameri- 
can Military Engineers; D. B. Sloan, the 
American Institute of Consulting Engi- 
neers; M. A. Cordovi, the American So- 
ciety for Testing Materials; T. P. Schoon- 
maker, the American Welding Society; 
Hanson Blatz, the Public 
Health Association, and Carson Dalzell 
of the Atomic Energy Commission who is 


American 


serving as vice-chairman of the Program 
Committee. 


Former Vice-President 
Joins AIEE Headquarters Staff 


J. L. Callahan (AM °21, F °48) joined 
the AIEE Headquarters Staff on July 1, 
1961, as Assistant to the Executive Secre 
tary. Mr. Callahan’s immediate  assign- 
ment will be in staff services relating to 
the translation of foreign technical pub- 
lications and membership development. 

Mr. Callahan retains a consulting rela- 
tionship with the Radio Corporation of 
America (RCA). He was Administrator of 
the Rocky Point Long Island group of 
RCA Laboratories until its recent dis- 
continuation. 

Mr. Callahan has held major offices and 
committee chairmanships in the New 
York Section of AIEE and the Institute. 
He has been Chairman of the New York 
Communications Division (1940-1941) and 
Section Chairman (1945-1946). He served 
as Chairman of the Institute Communica- 
(1947-1948). In 1948, he 
was elected Vice-President from District 


tions Committe 


No. 3 and was again returned to the 
Board of Directors in 1956 as Chairman 
of the Admissions and Advancements De- 
partment, 

Mr. Callahan is a Fellow of the Insti- 
tute of Radio Engineers, in which he has 
held numerous committee and profes- 
sional group posts. He is a fellow and has 
been active in the Radio Club of America, 
which he served as president in 1941. 

Mr. Callahan’s extensive AIEE_ back- 
ground also includes service on the fol- 
lowing Committees: Standards, Technical 
Program, Edison Medal, Planning and Co- 
Student Branches, Publica- 
tions, and the Board of Examiners. 


ordination, 


J. L. Callahan 
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AIEE Officers, Departments, and Committees 
for 1961-62 


PRESIDENT 
W. 


H. CHASE 


Cleveland, Ohio 
(Term expires July 31, 1962) 


PAST PRESIDENTS 


J. H. FOOTE, Jackson, Mich. 
(Term expires July 31, 1962) 


C. H. LINDER, New York, N.Y. 


(Term expires July 31, 1963) 


DIRECTORS-AT-LARGE 


W. A. LEWIS, Chicago, II. 
N. F. RODE, College Station, Tex. 
E. C. STARR, Portland, Ore. 
(Terms expire July 31, 1962) 
HENDLEY BLACKMON, Pittsburgh, Pa. 
E. I. GREEN, Short Hills, N.J. 
S. M. OSTHAGEN, Boston, Mass. 
(Terms expire July 31, 1963) 


C. T. HATCHER, New York, N.Y. 

C. T. PEARCE, Phila., Pa. 

B. R. TEARE, JR., Pittsburgh, Pa. 
(Terms expire July 31, 1964) 


J. W. DAVIS, Atlanta, Ga. 
L. C. HOLMES, Rochester, N.Y. 
(Terms expire July 31, 1965) 


DEPARTMENT DIRECTORS 


Professional Development & Recognition 
B. G. A. SKROTZKI, New York, N.Y. 


Technical Operation 


F. L. LAWTON, Montreal, Que., Canada 
(Terms expire July 31, 1962) 


General Administration 
BRADLEY COZZENS, Los Angeles, Calif. 


Publications 
W. F. DENKHAUS, Pittsburgh, Pa. 
(Terms expire July 31, 1963) 


DISTRICT VICE-PRESIDENTS 


District 
1 C. E. GAYLORD, Buffalo, N.Y. 

3 R. T. WEIL, JR., New York, N.Y. 
F. W. BUSH, Milwaukee, Wis 
S. C. WRIGHT, Oklahoma City, Okla. 
H. A. CARLBERG, Richland, Wash. 
A. W. RAUTH, Jackson, Mich. 
WALTER CRILEY, Nashville, Tenn. 
P. G. WALLACE, Dallas, Tex 

(Terms expire July 31, 1962) 


District 
2 T. E. MARBURGER, Baltimore, Md. 
4 B. V. MARTIN, Charlotte, N.C. 
6 W.B. BOAST, Ames, Iowa 
8 CC. R. DAY, Sacramento, Calif 
10 J. P. SKILLEN, Hamilton, Ont., Can. 
12 L. J. WEED, Dorchester, Mass. 
14 A. A. JOHNSON, East Pittsburgh, Pa. 
(Terms expire July 31, 1963) 


TECHNICAL VICE-PRESIDENTS 


Industry 
J. F. DEFFENBAUGH, Warren, Ohio 


Instrumentation 
P. K. McELROY, West Concord, Mass. 
Science and Electronics 
E. L. HARDER, East Pittsburgh, Pa. 
(Terms expire July 31, 1962) 


TREASURER 


W. R. CLARK, Philadelphia, Pa 
(Term expires July 31, 1962) 


Communication 

C. E. DEAN, Plainview, L.L., N.Y. 
General Applications 

L. R. LARSON, Denver, Colo. 
Power 


J. H. KINGHORN, New York, N.Y. 
(Terms expire July 31, 1963) 


EXECUTIVE SECRETARY 


N. S. HIBSHMAN, New York, N.Y 
(Term expires July 31, 1962) 


LOCAL HONORARY SECRETARIES 


AUSTRALIA—C. E. Moorhouse Engi 32 Victoria St., 


neering School, University of Melbourne, 
Carlton N3, Melbourne (To July 31, 1962) 


FRANCE—Francois Cahen 


BRAZIL—N. C. Pearcy, General Manager, Electricite de 
c/o COBAST, Caixa Postal 8026, Sao Paulo Direction Des 
(To July 31, 1963) 12, Place des 


ENGLAND-—Sir John Hacking, 
Merz & McLellan, 


SEPTEMBER 1961 


London SW 1 
(To July 31, 1962) University of Roorkee, Roorkee, U. P 


Electrical Engineering Department, 


To July 31, 1962) 


INDIA, SOUTHERN—H. N. Ramachandra 
Recherches, Rao, Department of Power Engineering 


Paris 16 Indian Institute of Science, Bangalore $ 


(To July 31, 1963) (To July 31, 1962) 


INDIA, NORTHERN —C. S. Ghosh. IRELAND—J. O. Purcell 


Institute Activities 





Caricahouli, 44 
brook, Dublin 4 


Eglinton Road, Donny- 
(To July 31, 1963) 


JAPAN—Kiyoshi Ishikawa 

Nippen Atomic Industry Group Co., Ltd., 
12, Yurakucho 1—Chome, Chiyodaku 
Tokyo To July 31, 1963) 


NEW ZEALAND-—T. R. Pollard, 
Canterbury University College 
Box 1152, Christchurch (To July 31, 1963) 


SWEDEN—Edy Velander, Box 5073 
Stockholm 5 To July 31, 1963) 


EXECUTIVE COMMITTEE 
hase, ¢ n; Ohio Bell Tel. Co, 
eland 15, Ohio 


CONSTITUTION AND BYLAWS 


3001 Walnut St., 


FINANCE COMMITTEE 


New York, 
N.Y 


INTERSOCIETY RELATIONS 


B. R. Teare, Jr Cha an; 
Dean, Eneg. & Science 


Carnegie Inst. of Technology, 
Pittsburgh | Pa 


PLANNING AND CO-ORDINATION 
lev Blackmon, C/ nan 


Beulah Road, 


ise Central Labs 
Pittsburgh 


INTERSOCIETY REPRESENTATIVES 


American Standards Association, Board of Di- 
rectors (4-year term) 
J]. H. Foote 12/31 /¢ 


Conference of Representatives from Engineer- 
ing Societies of Western Europe and USA 
(EUSEC) 

W. H. Chase 

N. §. Hibshman 


Terms expire 7/31/62) 


International Electrotechnical Commission U.S. 
National Committee Council (3-year term) 
( H. Linder 12 6 


National Academy of Sciences—National Re- 
search Council, Advisory Board of the Of- 
fice of Critical Tables (3-year term) 

R. M. Bozorth ° (6/30/64) 


General Administration Department 


Bradley Cozzens, Chairman (Director 
Department of Water and Power, Box 3669, 
lerminal Annex, Los Angeles 54, Calif. 


Committee Chairmen 
MEMBERSHIP 
D. T. Michael, Cincinnati Gas & Elec. Co., 
P.O. Box 960, Cincinnati 1, Ohio 
PUBLIC RELATIONS 


J. J. O'Connor, Power, 330 W. 42nd St., 
New York 36, N.¥ 


SECTIONS 


H. C. Brem, Allis-Chalmers Mfg. Co., 
P.O. Box 512, Milwaukee 1, Wis 
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STUDENT BRANCHES 
R. R. Krezdorn, Dept. of Electrical Engg., 


University of Texas, Austin 18, Tex 


TRANSFERS 


FE. W. Brewer, General Elec. Co., Oliver Bldg., 
Mellon Square, Pittsburgh 22, Pa 


INTERSOCIETY REPRESENTATIVES 


AIEE-IRE Co-ordination Committee on Stu- 
dent Activities 

L. C. Holmes (7/3 
R. R. Krezdorn (7 


American Association for the Advancement of 
Science, Council (2-year terms) 

I. M. Stein (12/31/62 

S. R. Warren, Jr 12/31/62 


Electrical Historical Foundation Board 
M. D. Hooven 


*Engineers Joint Council, Board of Directors 
Representatives (2-year terms 

Hendley Blackmon (12/31/61) 

W. R. Clark (12/31/62) 

S. M. Osthagen (12/31/62) 

C. T. Pearce (12/31/62) 

J. C. Strasbourger (12/31/61) 


Representatives (beginning 1/1/62) 
Hendley Blackmon (12/31/63) 
R. T. Weil, Jr. (12/31/63) 


Alternates (1-year terms) 
C. E. Gaylord (12/31/61) 
F. W. Bush (12/31/61) 

R. W. Gillette (12/31/61) 
C. F. Savage, Jr. (12/31/61) 
R. T. Weil, Jr. (12/31/61) 


Alternates (beginning 1 
F. W. Bush 12/31/62) 
C. E. Gaviord (12/31 
R. W. Gillette (12/3 

2/31 
{ 


12/: 


C. T. Hatcher (1: 

C. F. Savage, Jr 

Library Board-UET (4-year terms) 

J. R. Kerner (10/65) 

W. G. Vieth (10/63) 

*United Enginecring -Trustees, Inc. (4-year 
terms) 

. F. Fairman (10/64) 

L. F. Hickernell (10/63) 

C. H. Linder (10/65) 


Professional Development and 
Recognition Department 


B. G. A. Skrotzki, Chairman (Director); 
Associate Editor, Power, 330 W. 42nd St., 
New York 36, N.Y 


Committee Chairmen 


BOARD OF EXAMINERS 


H. W. Bibber, Dept. of Elec. Engg., 
Union College, Schenectady 8, N.Y. 


EDISON MEDAL 
F. E. Harrell, Skidmore Gear Co., 
17045 Euclid Ave., Cleveland 12, Ohio 
EDUCATION 
J. H. Mulligan, Jr., Dept. of Elec. Engg., 
NYU, Universitv Heights, N.Y 


FORTESCUE FELLOWSHIP 


J. S. Johnson, Dean of Engg., 
Wayne State Univ., Detroit, Mich. 


*Appointments made by Board of Directors 
upon nomination of the President after consul- 
tation with the concerned Departments. 


Institute Activities 


LAMME MEDAL 


. L. Cantwell, General Elec. Co., 
100 Woodlawn Ave., Pittsfield, Mass. 


MANAGEMENT 


R. W. McFall, Litton Industries, 
Maryland Div., 4900 Calvert Road, 
College Park, Md. 


MEMBERS-FOR-LIFE FUND 


R. A. Heising, 232 Oak Ridge Ave., 
Summit, N.] 


PRIZE AWARDS 


L. F. Kennedy, General Elec. Co., 
1] River Road, Schenectady, N.Y 


PROFESSIONAL CONDUCT 


A. H. Kidder, Phila. Elec. Co., 
1000 Chestnut St., Phila. 5, Pa 


RECOGNITION AWARDS 


W. R. Harris, Westinghouse Elec. Corp., 
East Pittsburgh, Pa 


REGISTRATION OF ENGINEERS 


C. V. Carlson, Ohio Bell Tel. Co., 
750 Huron Rd., Cleveland, Ohio 


VOLTA SCHOLARSHIP TRUSTEES 


P. A. Abetti, General Elec. Co., 
1 River Rd., Schenectady 5, N.Y. 


INTERSOCIETY REPRESENTATIVES 


*Engineers Council for Professional Develop- 
ment (3-year terms) 

W. H. Chase (10/63) 

E. C. Easton (10/64) 

M. D. Hooven (10/62) 


*John Fritz Medal Board of Award (3-year 
terms) 

L. F. Hickernell (10/62) 

J. H. Foote (10/63) 

C. H. Linder (10/64) 


Alternates 

Hendley Blackmon (10/63) 
C. F. Savage, Jr. (10/62) 
B. G. A. Skrotzki (10/64) 


*Hoover Medal Board of Award (6-year terms) 
E. W. Engstrom (5/63) 

C. W. Franklin (5/65) 

L. A. Kilgore (5/67) 


Kettering Board of Award (4-year terms) 
C. T. Hatcher (1962) 
B. G. A. Skrotzki (1964) 


Marston Medal Board of Award (4-year term) 
L. M. Robertson (8/64) 


National Bureau of Engineering Registration 
Advisory Board (l-year term) 
C. V. Carlson (7/31/62) 


Alfred Noble Prize Committee, ASCE (5-year 
term) 
Edward J. Smith (12/31/62) 


Sperry Board of Award (4-year terms) 
R. L. Kimball (1/63) 
W.N. Zippler (1/63) 


Washington Award Commission (2-year terms) 
N. B. Gussett (6/62) 
E. R. Whitehead (6/63) 


Publications Department = 


W. F. Denkhaus, Chairman (Director); 
Bell Tel. Co. of Pa., 201 Stanwix St 
Pittsburgh 22, Pa. 


ELECTRICAL ENGINEERING 





Committee Chairmen 


EDUCATIONAL PUBLICATIONS 
HM. E. Corey, Jr., Amer. Tel. & Tel. Co. 
195 Broadway, New York 7, N.Y. 
PERIODICALS AND TRANSACTIONS 


G. W. Dunlap, General Engg., Lab., 
General Elec. Co., Schenectady 5, N.Y. 


SPECIAL PUBLICATIONS 


J. P. Jordan, Gulton Industries, Inc, 
21 Durham Ave., Metuchin, N.] 


INTERSOCIETY REPRESENTATIVES 


AEC Advisory Committee on Industrial Infor- 
mation (l-year term) 
W. F. Denkhaus (7/31/62) 


Engineering Societies Monographs Committee 
(l-year terms) 

Malcolm Farmer 

R. W. Sorensen 

(Terms expire 7/31/62) 


INTERSOCIETY REPRESENTATIVES 


American Automatic Control Council (l-year 
terms) 

H. Chestnut (12/31/61) 

R. G. Lex, Jr. (Alt) (12/31/61) 


American Federation of Information Process- 
ing Societies, Governing Board (1-year terms) 

R. S. Gardner 

R. A. Imm 

C. A. R. Kagan 

M. Rubinoft 

American Power Conference (1-year terms) 

R. S. Gardner (7/30/62) 

J. H. Kinghorn (7/30/62) 

G. I Welch (7/30/62) 


American Standards Association, Standards 
Council (3-year terms) 

R. C. Bergvall (12/31/62) 

J. P. Jordan (12/31/61) 

W. A. Lewis (12/31/63) 


Alternates (1-year terms) 
W. Y. Lang (12/31/61) 
J. R. North (12/31/61) 
C. G. Veinott (12/31/61) 


Electrical Insulation Conference, Sponsors’ 
Committee (l-year terms) 

J. F. Dexter (12/31/61) 

C. W. Miller (12/31/61) 

C. S. Schifreen (12/31/61) 

Engineering Foundation Board (4-year terms) 

J. D. Tebo (4/30/64) 

A. H. Kidder (4/30/63) 


Engineers Joint Council—American Institute of 
Architects Joint Committee (l-year terms) 
Cc. I. Maust (12/31/61) 


Alternate (l-year term) 
A. B. Gipe (12/31/61) 


Engineers Joint Council, Information 
Processing Committee (l-year term) 
E. L. Harder (12/31/61) 


Engineers Joint Council, Nuclear Congress 
Program Committee (l-year term) 
J. G. Lundholm (6/30/62) 


International Commission on Illumination, 
U.S. National Committee (1-year terms) 

R. D. Churchill (7/31/62) 

R. C. Putnam (7/31/62) 

D. W. Rowten (7/31/62) 


International Solid-State Circuits Conference 
(l-year term) 

S. K. Ghandi (7/31/62) 

National Electronics Conference, Board of 
Directors (l-year term) 

J. Roedel (12/31/62) 


National Electronics Conference, 
Committee (l-year term) 

A. P. Stern (12/31/61) 

National Research Council, Advisory Panels 
for National Bureau of Standards (3-year 


terms) 
W. G. Amey (6/30/63) 


Program 


SEPTEMBER 1961 


S. W. Herwald (6/30/62) 

E. W. Houghton (6/30/64) 

R. J. Jeffries (6/30/63) 

H. A. Lamonds (6/30/62) 

R. W. Larson (6/30/62) 

W. A. Lewis (6/30/64) 

I. Lusignan (6/30/63) 

J. Z. Millar (6/30/63) 

M. Rubinoff (6/30/62) 

G. R. Town (6/30/64) 

E. Weber (6/30/63) 

National Research Council, Division of En- 
gineering and Industrial Research (3-year 
terms) 

T. M. Linville (6/30/62) 

NEMA-AIEE Joint Committee for Industrial 
Control 

H. E. Browning 

F. T. Chestnut 

R. H. Clark 

J. F. Deffenbaugh, Chairman of AIEE Dele- 
gation 

R. Godard 

A. Kegel 

E. F. Mekelburg 

R. P. C. Rasmusen 

R. W. Scott 

L. W. Swanson 

J. J. Tesoriero 

W. S. Watkins 

H. Winograd 

Society of Plastics Engineers 

A. G. Payne (12/31/61) 

World Power Conference, U.S. National Com- 
mittee (l-year term) 

E. I. Pollard (7/31/62) 

Alternate (1-year term) 

J. H. Kinghorn (7/31/62) 


_ Technical Operations Department _ 


F. L. Lawton, Chairman (Director), Aluminum 
Labs., Ltd., 1800 Sun Life Bldg., Montreal, 
Que., Canada 


General Committee Chairmen 
DISTRICT YOD REPRESENTATIVES 
Hendley Blackmon, 
Westinghouse Central Labs., Beulah Rd., 
Churchill Boro, Pittsburgh 35, Pa. 
MAN-MACHINE INTEGRATION 
. W. Kearney, Airborne Instruments Labs., 
Walt Whitman Road, Melville, L.I., N.Y. 
NUCLEAR CONGRESS & NUCLEONICS 
H. A. Lamonds, N. C. State College, 
Physics Dept., Raleigh, N.C 
Standing Committee Chairmen 
NEW TECHNICAL ACTIVITIES 
L. C. Harriott, General Elec. Co 
Bldg. 37, Room 511, Schenectady 5, N.Y. 
RESEARCH 
A. P. Jerencsik, Ohio Semiconductors, 
1205 Chesapeake Ave., Columbus 12, Ohio 
SAFETY 
W. T. Rogers, Ebasco Services, 
2 Rector St., New York, N.Y. 
STANDARDS 


C. G. Veinott, Reliance Elec. & Engg. Co, 
24701 Euclid Ave., Cleveland 17, Ohio 


COMMUNICATION DIVISION 


L. G. Abraham, Chairman, 
Bell Telephone Labs., Murray Hill, N.J. 


Committee Chairmen 


BROADCASTING 
Oscar Reed, Jr., Jansky & Bailey 


Institute Activities 


1339 Wisconsin Ave., N.W. 
Washington 7, D.C. 


COMMUNICATION SWITCHING 
SYSTEMS 


F. D. Reese, Automatic Elec. Lab., 
400 N. Wolf Rd., Northlake, Il. 


COMMUNICATION THEORY 


R. L. Shuey, General Elec. Co 
Box 1088, Schenectady, N.Y 


DATA COMMUNICATION 


H. F. Caley, Western Union Tel. Co 
60 Hudson St., New York 13, N.Y 


RADIO COMMUNICATION SYSTEMS 


P. T. Sproul, Bell Telephone Labs., 
Murray Hill, N 


“RADIO ENGINEERING” REVIEW 


R. D. Campbell, Amer. Tel. & Tel. Co. 
195 Broadway, New York 7, N.Y 


“RADIO ENGINEERING AND ELECTRONICS” 
REVIEW 


L. S. Schwartz, NYU College of Engineering, 
18ist St. & Univ. Ave., New York 53, N.Y. 


SPACE COMMUNICATION 


H. E. Weppler, American Tel. & Tel. Co., 
195 Broadway, New York, N.Y 


“TELECOMMUNICATIONS” REVIEW 
H. F. May, Bell Tel. Labs., Whippany, N.J. 


TELEGRAPH SYSTEMS 


W. G. Vieth, Western Union Tel. Co., 
60 Hudson St., New York 13, N.Y 


WIRE COMMUNICATION SYSTEMS 


. N. Petrie, Automatic Elec. Co., 
400 North Wolf Rd., Northlake, Il. 


GENERAL APPLICATIONS DIVISION 


G. E. Schall, Jr., Chairman, 
Underwriters’ Labs., 
161 6th Ave., New York 13, N.Y. 


Committee Chairmen 
AERO-SPACE TRANSPORTATION 


F. L. Lyons, Northrop Corp 
1001 E. Broadway, Hawthorne, Calif. 


DOMESTIC & COMMERCIAL APPLICATIONS 


C. B. Grund, Jr., Southern Services, 


600 N. 18th St., Birmingham 2, Ala. 


LAND TRANSPORTATION 


G. J. Sennhauser, Jr 
Chesapeake & Ohio Railroad Co 
1601 Terminal Tower, Cleveland 13, Ohio 


MARINE TRANSPORTATION 


J. M. Apple, U. 
Bureau of Ships, 
Code 660A-D—18th & Constitution Ave., N.W., 


or 


Washington 25, D.C. 


S. Navy Dept., 


PRODUCTION & APPLICATION OF LIGHT 


R. D. Churchill, General Elec. Co., 
Nela Park, Large Lamp Dept. 
Cleveland 12, Ohio 





INDUSTRY DIVISION 


]. F. Deffenbaugh, Chairman, 
Federal Machine & Welder Co 
1745 Overland Ave., Warren, Ohio 


Committee Chairmen 

CEMENT INDUSTRY 

J. F. Hower, Lehigh Portland Cement Co., 

718 Hamilton St., Allentown, Pa. 
CHEMICAL INDUSTRY 

R. W. Scott, Crouse-Hinds Co 

Wolf & 7th North Sts., Syracuse 1, N.Y. 
ELECTRIC HEATING 


Sorace, Lamson & Sessions Co., 


Tiedeman Rd., Cleveland 9, Ohio 
ELECTRIC WELDING 

Paalu, A. O. Smith Corp 

Box 584, Milwaukee 1, Wis. 


FEEDBACK CONTROL SYSTEMS 


Marcy, IBM Corp 


$90, Boardman Rd 


Poughkeepsie, N.Y. 


GENERAL INDUSTRY APPLICATIONS 
D. R. Percival, Machinery Electrification, 


6 Hudson St Northboro, Mass 


INDUSTRIAL & COMMERCIAL POWER 
SYSTEMS 


— Cooney |r Corning Glass Works 
Facilities Planning, Corning, N.Y 
INDUSTRIAL CONTROL 
A. H. Myles, Square D Co 
1500 Lee Rd., Cleveland 28, Ohio 
INDUSTRIAL POWER RECTIFIERS 


Morack, General Elec. Co., 
Re Schenectady 5, N.Y. 


MACHINE TOOLS INDUSTRY 


N. P. Bashor, W. F. & John Barnes Co., 
101 S. Water S Rockford, Ill 


METAL INDUSTRY 
FEF. H. Browning, Westir 
Industrial Engg. Dept. 7-1 
East Pittsburel Pa 


ouse Elec. Corp., 


MINING INDUSTRY 


Lordi, Industrial Engg. Dept. 10-L., 


nghouse Elec. Cory East Pittsburgh, Pa 


PETROLEUM INDUSTRY 
H. Dickinson, Esso Research & Engg 


QO. Box 209, Madison, N.] 


RUBBER AND PLASTIC INDUSTRIES 


4. Williams, Goodyear Tire & Rubber Co., 


Elec. Engg. Dept Akron 16, Ohio 


TEXTILE INDUSTRY 


H. E. Strock, Associated Engineering Co. 
P. O. Box | Matthews, N.( 


INSTRUMENTATION DIVISION 


Ferdinand Hamburger, Jr., Chairman, 


Johns Hopkins Univ Baltimore 18, Md. 
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Committee Chairmen 
AERO-SPACE INSTRUMENTATION 


Tom J. Martin, 3811 E. Howell St., 
Seattle 22, Wash. 


ELECTRONIC & HIGH FREQUENCY 
INSTRUMENTS 


G. B. Hoadley, N. C. State College, 
Dept. of Elec. Engg., Raleigh, N.C. 


FUNDAMENTAL ELECTRICAL STANDARDS 


Chester Peterson, 
National Bureau of Standards, 
Elec. & Electronics Div., Washington 25, D.C. 


INDICATING & INTEGRATING INSTRUMENTS 


M. B. Stout, Univ. of Mich., 
Elec. Engg. Dept., Ann Arbor, Mich. 


NUCLEAR INSTRUMENTATION 


Lester Kornblith, Jr., General Elec. Co., 
Box 846, Pleasanton, Calif 


RECORDING & CONTROLLING 
INSTRUMENTATION 


E. W. James, E. I. du Pont de Nemours & Co., 
Louviers Bldg., Newark, Del 


SPECIAL INSTRUMENTS & AUXILIARY 
APPARATUS 


B. E. Lenehan, Westinghouse Elec. Corp., 
95 Orange St., Newark I, N.J. 


TELEMETERING 


W. E. Rufleth, Bristol Co., 
P. O. Box 1790, Waterbury 20, Conn, 


POWER DIVISION 


J. H. Kinghorn, Chairman, 
American Elec. Power Service Corp., 
2 Broadway, New York 8, N.Y. 


Committee Chairmen 


INSULATED CONDUCTORS 


E. J. Merrell, Habirshaw Wire & Cable Div., 
Phelps Dodge Copper Products Corp., 
Yonkers I, N.Y 


POWER GENERATION 


L. A. Kilgore, Westinghouse Elec. Corp., 
700 Braddock Ave., East Pittsburgh, Pa. 


POWER SYSTEM COMMUNICATIONS 


E. W. Kenefake, General Elec. Co., 
Mountain View Plant, Rm. 2625, 
Lynchburg, Va 


PROTECTIVE DEVICES 


H. O. Stoelting, Line Material Co., 
P.O. Box 116, South Milwaukee, Wis. 


RELAYS 


J. R. Linders, Cleveland Elec. lum. Co., 
P. O. Box 5000, Cleveland 1, Ohio 


ROTATING MACHINERY 


W. L. Ringland, Allis-Chalmers Mfg. Co., 
P. O. Box 512, Milwaukee 1, Wis. 


SUBSTATIONS 


R. F. Stevens, Bonneville Power Admin., 
Box 3537, Portland 8, Ore. 


Institute Activities 


SWITCHGEAR 
J. B. Owens, I-T-E Circuit Breaker Co., 
P. O. Box 98, Greensburg, Pa. 
SYSTEM ENGINEERING 
L. B. LeVesconte, Sargent & Lundy, 
140 S. Dearborn St., Chicago 3, Il. 
TRANSFORMERS 
C. H. Bjorquist, Bonneville Power Admin., 


Box 3537, Portland 8, Ore 


TRANSMISSION & DISTRIBUTION 


J. 1. Lusignan, Jr., 
Mansfield, Ohio 


Ohio Brass Co., 


SCIENCE AND ELECTRONICS DIVISION 
E. L. Harder, Chairman, 


Advanced Systems Engg. & Analytical Dept., 
Westinghouse Elec. Corp., East Pittsburgh, Pa. 


Committee Chairmen 


BASIC SCIENCES 
W. D. Rowe, Data Systems Operation, 


Sylvania Electric Corp., 189 B St., 
Needham 94, Mass 


COMPUTING DEVICES 


C. A. R. Kagan, Western Elec. Corp., 
P. O. Box 900, Princeton, N.J. 


ELECTRICAL INSULATION 


J. F. Dexter, Dow Corning Corp., 
Midland, Mich 


ELECTRICAL TECHNIQUES IN MEDICINE 
AND BIOLOGY 


G. C. Riggle, Instr. Engg. & Development Br., 
National Institutes of Health, Bethesda 14, Md. 


ELECTRONICS 


J. P. Jordan, Gulton Industries, 
212 Durham Ave., Metuchen, N.J. 


ELECTRON TUBES 


H. H. Wittenberg, RCA, 
Electron Tube Div., Lancaster, Pa. 


ELECTRONIC CIRCUITS AND SYSTEMS 


A. P. Stern, 515 Bradford Pky., 
Syracuse 3, N.Y. 


ELECTRONIC TRANSFORMERS 


L. W. Kirkwood, Bell Tel. Labs., 
Whippany Road, Whippany, N.J. 


MAGNETIC AMPLIFIERS 


R. W. Roberts, Norbatrol Electronics Corp., 
356 Collins Ave., Pittsburgh 6, Pa 


NUCLEONICS 


W. F. Witzig, Utility Service, 
1025 Connecticut Ave., Washington 6, D.C. 


SEMICONDUCTOR RECTIFIERS 


L. W. Burton, General Elec. Co., 
6901 Elmwood Ave., Philadelphia 42, Pa. 


SOLID STATE DEVICES 
H. W. Henkels, Westinghouse Elec. Corp., 


Semiconductor Dept., Youngwood, Pa. 
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AIEE Receives Grant To Provide 


Translation of Russian Technical Journals 


RECEIPT of a grant from National Sci- 
ence Foundation covering the translation 
and publication of the 1961 monthly is- 
sues of three Russian technical journals 
has been announced by N. S. Hibshman, 
Executive Secretary of AIEE. The journals 
are: Radio Engineering (Radiotekhnika), 
Radio Enginereing and Electronic Physics 
(Radiotekhnika i Elektronika), and Tele- 
communications. (Electrosvyaz). 

A contract has been placed with the In- 
ternational Division of Royer and Roger, 
Inc., 41 East 28th Street, New York 16, 
N.Y., covering the translation, editing, 
publication, and distribution of the Eng- 
lish issue. The Royer and Roger effort for 
AIEE will be under the direction of the 
Headquarters staff supported by three spe- 
cial Review Committees organized by the 
Communication Division. 

Selected reviews of the translated arti- 
cles prepared by the Communication Di- 
vision Review Committees will appear 
monthly in the Russian Translations Sec- 
tion of Electrical Engineering. The mem- 
bership of the committees include spe- 
cialists in the fields covered by the three 
Russian journals in order to afford critical 
appraisals 

Iranslated issues of the three Russian 
journals have been released to subscribers 
as follows: Radio Engineering—January, 
February, March, and April; Radio Engi- 
neering and Electronic Physics—January 
and February, Telecommunication—Janu- 
ary, February, March, and April. 

rranslated Tables of Contents of the 
most recent issues received from Russia 
now in process at Royer and Roger are as 
follows: 


Radio Engineering 
No. 5, May 1961 
Table of Contents 


A. L. Fel’dshteyn, Coupled Nonuniform 
Lines 


V. Klezha, Application of the Principles of 
Nonlinear Filtering to the Theory of Re- 
ception of Telegraph Signals 

B. V. Telov, Computing the Spectrum at 
the Output of a Nonlinear Four Terminal 
Network 

A. Ya. Yashkin, Computing the Natural 
Frequencies of Resonators with a Complex 
Shape in Terms of Cylindrical Functions 
V.V. Malanov and K. P. Polov, Power Op- 
eration of a Pulse Amplifier for Audio- 
Frequency 

1. A. Fastouskiy, Operation of a Passive 
Detector in Response to Pulses With Com- 
plex Shapes 

G. G. Men’shikov, Design of Stable Tran- 
sistor Trigger Circuits 

A. V. Prosin, I. P. Igoshev and I. P. Lev- 
shin, Automatic Processing of Statistical 
Properties of Radio Signals by Means of 
an Electronic Computer 

K. A. Reznik, Measurement of Percentage 
Modulation of Low Signal Levels 


G. T. Shitikov, Stable Automatic Regula- 
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tor Operating Close to the Natural Fre- 
quency 


Radio Engineering and Electronic Physics 
No. 5, May 1961 
Fable of Contents 


V. M. Lopukhin, Kinetic power theorem 
and its application of electron-beam de- 
vices (Review) 


B.N. Mityashin, Noiseproof feature of two 
methods of pulse signal reception 


G. V. Druzhinin, Load of electronic circuit 
elements 


A. I. Kalinin, Long-distance tropospheric 
ultra-short waves propagation and influ- 
ence of the Earth 


V. V. Novikov and G. I. Makarov, Pulse 
signal propagation over a plane homo- 
geneous surface 

Yu. L. Koburin, A. N. Sukhanovskiy, and 
Yu. I. Alekseyev, Investigation of a large- 
scale model of ionospheric inhomogenei- 
ties by a radioastronomical method 


G. N. Krylov, Electromagnetic field of di- 
rectional antennas over flat ground with 
finite conductivity 


A. Ya. Yashkin, A method of calculating 
Straight and bent waveguides of a com- 
plex cross-section in systems permitting 
separation of variables 

L. N. Loshakov, Coupling impedance in a 
microwave device with transverse inter- 
action 

A. K. Musin, Plasma movement in inter- 
secting electrical and magnetic fields 

M. D. Karasev, 
rameters of a semiconductor diode on the 
operation of a parametric amplifier 


Influence of parasitic pa- 


A. L. Mikaelian and A. A. Vasil’yev, Inter- 
action of magnetostatic oscillations in a 
ferrite sample during regeneration. Part 
II. Excitation of oscillations in a general 


Cast 


N.'G. Basov, V. V. Nikitin and A. N. Ora- 
yeuskiy, Investigation of the dependence 


of master frequency upon different pa- 


rameters. Part I (Theory, line 
K = 2) 

G. A. Syulina and G. A. Feshchenko, Fe* 
spin levels in corundum 


; = 35, 


Brief Reports 


F.1. Khaytun, Increasing the transmission 
range of pulse signals with given energy 
during noise with arbitrary spectrum 

B. A. Dubinskiy, Ideal method of measur- 
ing oscillation parameters 

V. A. Sukhov, Characteristic impedance 
and attenuation of TEM-wave propagat- 
ing along a multiplex line consisting of 
rectangular conductors 

M. B. Tseytlin and Ye. M. Il’ina, Field in 
BWT with distributed attenuation 

A. A. Shur and G. §. Maximov, A method 
of measuring radiowave phase fluctuations 
in the study of long-distance tropospheric 
propagation 


Institute Activities 


Ye. M. Gershenzon, N. G. Ptytsina, G. I 
Rozhkova and V. S. Etkin, Single-circuit 
parametric amplifier 

A. N. Vakhrameyev, Experimental inves- 
tigation of forced oscillations in para- 
metrically regenerated oscillating circuit 
Ye. M. Gershenzon and V. S. Etkin, Spec- 
tral and amplitude-frequency character- 
istics of superregenerative and parametric 
amplifiers 

Yu. Ye. D’Yakov, Transfer function of 
superregenerative parametric ampliker 
Yu. Ye. D’Yakov, 
the study of a two-circuit parametric am- 
plifier 


A permissible error in 


Yu. A. Kravtsov, Combination frequencies 
in systems with periodically varying react- 
ance 

G.N. Berestouskiy, Influence of asymmetry 
upon the operation of push-pull semicon- 
ductor converters with external excitation 
N. V. Karlov, Yu. P. Pimenov, and A. M. 
Prokhorov, Paramagnetic 10 cm-band am- 
plifier using Fe** ions in corundum 

A. L. Mikaelian, A. A. Vasil’yev, and J 
D’Yachenko, Microwave 
ferrite through longitudinal pumping 


regeneration 


V. G. Veselago, Spin oscillator 
Chronicle 


G. V. Spivak, V. N. Vertsner, V. M. Luk’- 
yanovich, Ye. Ye. Levin, and Yu. A. Ska- 
kov, The 3rd All-Union meeting on elec- 
tron microscopy 

K. A. Akopov, N. A. Karelina, V. 1. Pokal- 
yakin, and G. V. Stepanov, Inter-institu- 
tional seminar on cathode electronics (17th 
meeting) 


Telecommunications 
No. 4, April 1961 
Table of Contents 


Ya. Z. Tsypkin, Analysis of Open-Loop 
Systems with Pulse-Amplitude Modula- 
tion 

N. L. Teplov, Noise Proofness in Integral 
Reception of Signals under the Influence 
of Fluctuating and Sinusoidal Noise 

Yu 1 Yerukhimovich, Calculation of 
Non-Lineat 
Transmission Lines 


Distortion in Waveguide 


N. S. Stanulov, A Simple Electronic In- 
strument for Statistical Research in the 
Field of Radio Wave Propagation 


A. F. Beletskiy, Synthesis of Filters with 
Linear Phase Characteristics 


V. Z. Nayderov and Yu. L. Simonov, Struc- 
tural Stability of a Linear Four-Terminal 
Network 


S. L. Kunina, A Quartz Master Oscillator 


Using Transistors 


I. M. Zhdanov, On the Formation of Tele- 
phone Districts nder Conditions of Un- 
equal Density 


A.D. Ruga and Ye. V. Kostyanets, Trans- 
mission Parameters and Effects of Type 
r'G Cables in a Frequency Range to 600 
KC 

As additional translated Tables of Con- 
tents become available prior to distribu- 
tion of the translated journals, they will 
be listed in the Russian Translation Sec- 
tion Section of Electrical Engineering. 








Lamme Medal Nominations 
Must Be Received by November 


Members of the Institute again are 
reminded that they have an oppor- 
tunity to submit nominations for the 
1961 Lamme Medal. Nomination forms 
procured from Mrs. A. L. 
Landres Secretary of the Lamme 
Medal Committee, at AIEE Headquar- 
ters, 345 East 47th St., New York 17, 
N. ¥. Nominations are due at Head 
quarters not later than November Il, 
1961 


may be 


Details regarding qualifications for 
the award were published in the April 
1961 issue of Electrical Engineering, 
p. 290 











John Fritz Medalist 
Selected by Board of Award 


The John Fritz Medal Board of Award 
has unanimously selected C. H. Greene- 
walt of E. I. du Pont de Nemours and 
Company, Inc., Wilmington, Del., to re- 
ceive the John Fritz Medal and Certificate 
for 1962 

The citation states that the medal was 
iwarded “for outstanding contributions to 
the American’ free enterprise system 
through leadership in research, in the 
translation of research achievements by 
way of sound engineering into useful 
products, and through [Mr. Greenewalt’s] 
ible championship of that system both in 
the spoken and written word.’ 

Participating societies of the John Fritz 
Medal Board of Award and their repre- 
sentatives are: AIEE—W. J. Barrett, L. F. 
Hickernell, and J]. H American 
Society of Civil Engineers—L. R. Howson, 
F. S. Friel, and F. A. Marston; American 
Institute of Mining, Metallurgical and 
Petroleum Engineers—A. B. Kinzel, H. C 
Pyle, and J. L. Gillson; American Society 
of Mechanical Engineers—]. N. Landis, 
G. B. Warren, W. L. Cisler; and American 
Institute of Chemical Engineers—G. E. 
Holbrook, D. L. Katz, and Jerry McAfee. 
Mr. Kinzel is the chairman of the Board 
f Award. The medal will be presented 
to Mr. Greenewalt by the American Insti- 
tute of Chemical Engineers. 


Foote: 


Technical Papers Requested 
for Point Computer Conference 


A call for papers has been made by the 
Technical Program Committee of the 1962 
Spring Joint Computer Conference in San 
Francisco, Calif., next May 

Authors interested in submitting papers 
are requested to furnish three copies of a 
complete first draft by November 10, 1961. 
No advance summary or abstract is re- 
quired. Indications as to figures may be 
rough sketches 

Submissions should be made to the 
chairman of the Technical Program, as 
follows: Dr. R. I. Tanaka, Lockheed Mis- 
siles and Space Company, 3251 Hanover 
St., Palo Alto, Calif. 
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Recipient for 1961 Named 
for National Electronics Award 


D. C. McDonald, engineering vice-presi- 
dent of Sola Electric Company, a division 
of Basic Products Corporation, has been 
named recipient of the National Elec- 
tronics Award of Merit. 

The presentation will take place at the 
17th Annual National Electronics Confer- 
ence (NEC) and Exhibition at Chicago 
International Amphitheatre, October 9-11, 
and carries with it a $750 award. 

Mr. McDonald was selected on the basis 
of his paper, “Nonlinear Techniques for 
Improving Servo Performance,” previously 
presented at the 1960 NEC. In accordance 
with the NEC’s highly selective procedure, 
Mr. McDonald's paper is only the second 
to earn the award in the association’s 
17-year history. 

In announcing the Award, Prof. M. E. 
Valkenburg, of the department of elec- 
trical engineering, University of Illinois, 
who is NEC chairman, stated 

“The committee regards this paper as 
the departure from conventional theory 
which opened the field of time-optional 
control, We regard it as a landmark in 
the development of automatic control in 
this country, and so deserving of the 
award.’ 

The paper discusses methods of improv- 
ing the ability of a servo or automatic 
control to follow rapidly varying motion. 
Though no exact mathematical solutions 
to this problem are known, the paper 
presented graphic means for analyzing 
high-speed operation of such devices. 

Co-sponsors of NEC include: AIEE, 
Institute of Radio Engineers, Electronic 
Industries Association, and Society of 
Motion Picture and Television Engineers, 


General Chairman Named 
for Telemetering Conference 


H. W. Royce, manager of command 
and control advanced design in the elec- 
tronics division of the Martin Company, 
has been elected general chairman of the 
1962 National Telemetering Conference, 
to be held in Washington, D.C., next May. 

The telemetering conference is jointly 
sponsored by AIEE, American Rocket 
Society, Institute of the Aerospace Sciences, 
Institute of Radio Engineers (IRE), and 
Instrument Society of America (ISA). 
More than 700 engineers and _ scientists 
from all parts of the United States and 
nine foreign countries attended the 1961 
conference. 

Mr. Royce announced that through the 
co-operation of ISA, two major conferences 
are holding meetings in the same week; 
the ISA symposium May 21-23, and the 
Space Electronic and Telemetering Con- 
ference May 23-25. This was done to help 
relieve the strain on national attendance 
at any one meeting when~ too many 
scattered meetings take place; also the 
latter is costly to the industrial concerns 
who foot the bills. 

Last year, Mr Royce was chairman of 
the technical papers committee for the 
National Symposium on Space Electronics 


Institute Activities 


and Telemetry. During 1957-59, he was a 
member of the administrative committee 
of the IRE Professional Group on Tele- 
metry and Remote Control, and has 
served, in 1957, as registration chairman 
of the first National Symposium on Tele- 
metry, sponsored by this IRE professional 
group. 


IRE and IAS Admitted 
to ECPD as Participating Bodies 


The Institute of Radio Engineers (IRE) 
and the Institute of the Aerospace Sciences 
(IAS) have been unanimously elected par- 
ticipating bodies in the Engineers’ Council 
for Professional Development (ECPD). 

Representatives appointed by IRE are 
Pres. Ernst Weber, Polytechnic Institute 
of Brooklyn; Dean Gordon Brown, Massa- 
chusetts Institute of Technology; and 
Prof. T. F. Jones, Jr., Purdue University. 
President Weber has been appointed to 
serve on the Executive Committee. 

IAS has selected as representatives Wil- 
liam Littlewood, vice-president of Ameri- 
can Airlines, Inc.; Chancellor C. C. Furnas, 
University of Buffalo, and Prof. J. W. 
Hoover, University of Florida. Mr. Little- 
wood has been requested to serve as Ex- 
ecutive Committee member. 

IRE was organized in 1912 “to advance 
the theory and progress of radio and al- 
lied branches of engineering and its re- 
lated arts and sciences and to maintain 
professional standing among its members.” 
It has 89,567 members. 

IAS was founded in 1932 and its pur- 
pose is “to facilitate by all available 
means the interchange of technical ideas 
among aerospace engineers throughout the 
world.” It has 15,905 members. 

Other participating bodies in ECPD 
are: AIEE, American Society of Civil En- 
gineers, American Institute of Chemical 
Engineers, American Institute of Mining, 
Metallurgical and Petroleum Engineers, 
American Society of Mechanical Engi- 
neers, Engineering Institute of Canada, 
American Society for Engineering Educa- 
tion, and National Council of State Boards 
of Engineering Examiners. 


New Subsection Formed 
Within North Carolina Section 


Formation of the North Piedmont Sub- 
section of AIEE has been announced by 
N. S. Hibshman, Executive Secretary of 
the Institute. 

The new Subsection, part of the North 
Carolina Section, includes the Counties 
of Alamance, Guilford, Randolph, and 
Rockingham. Subsection officers are R. O. 
St. Clair, Greensboro, N. C., chairman, 
and T. B. Sanders, Greensboro, secretary- 
treasurer. 

The North Carolina Section is part of 
the South East District of AIEE, which 
also includes the States of Virginia, South 
Carolina, Georgia, and Florida. 

Prior to formation of the North Pied- 
mont Subsection, the North Carolina Sec- 
tion had no subdivisions. 
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Papers Solicited 
on Electronic Components 


The 12th annual Electronic Components 
Conference, scheduled for May 8-10, 1962, 
at the Marriott Twin 
Hotel, Washington 1, D. C., is soliciting 
papers on the subjects of electronic com- 
ponents and materials. Sponsors of the 
conference are AIEE, the Electronic In- 
dustries Association, and the Institute of 
Radio Engineers, with the American Soci- 
ety for Quality Control and the Society 
for Nondestructive Testing participating. 

The meeting will be devoted to new de- 
velopments in components, component- 


Bridges Motor 


processing tec hniques, component evalua- 


tion, and component materials. The 
following topics suggest the scope of in- 


terest: 


Classical components: R, L, C, linear 
and nonlinear, lumped and dis- 
tributed 


Combined function devices:  inte- 
grated thin film circuits, multiple 
semiconductor miniature 


modules 


devices, 


Solid-state applications: ferroelectric, 
ferromagnetic, thermoelectric, mag- 
neto optic, electroluminescent 

Magnetics: square loop components, 
memory devices, magnetic films, 
magnetostrictive devices 

Electromechanical devices and con- 
cepts: switching filters, 
delay lines 


devices, 


Microwave components 

Filters and networks 

Connecting devices and techniques 

Processing, assembly and measuring 
techniques 

Nondestructive testing 

Component reliability 

Electronic materials 


Component-systems planning and in- 
tegration 


A 500-word summary, together with the 
author’s name and address, should be sent 
to: H. A. Stone, chairman, Technical Pro- 
gram Committee, Bell Telephone Labo- 
ratories, Murray Hill, N. J. 

The deadline for summaries is Octo- 
ber 9. Authors will be notified of accept- 
ance by November 20. To ensure prompt 
handling, 15 copies are requested. Final 
papers will be due on January 15 and will 
be published in the Proceedings of the 
conference. 


Electric Utility Problems 
in Mid- and Far-East Described 


P. K. Jones of Miner and Miner Com- 
pany, Consulting Engineers, Inc., of 
Greeley, Colo., presented a program en- 
titled “Electric Utility Engineering Prob- 
lems Related to Middle-Eastern and Far- 
Eastern Areas of the World” at a reeent 
meeting of the Denver Section, AIEE. 

Mr. Jones, who is an Executive Com- 
mittee member of the Denver Section, was 
accompanied in the presentation by engi- 
neers of Miner and Miner. 

Using color pictures, the engineers de- 
scribed their activities and experiences in 
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electrifying 10,000 villages in West Paki- 
stan, which involved the design of 700 
miles of transmission and several thousand 
miles of distribution lines. 

One of the big problems, at the outset, 
was the setting up of design criteria and 
material and equipment standards. Cus- 
toms such as the requirement of a steel 
cable “basket” beneath all high-voltage 
wires increased line costs. Introducing 
wood pole lines, where heretofore most 
electric lines were on lattice steel poles, 
tended to reduce costs. Much substation 
equipment, such as_ transformers, _ is 
mounted on wheels for mobility. In some 
of the villages, a trouble crew is comprised 
of two native Pakistanians pushing a cart 
with a bamboo ladder. 


Engineering Foundation 
Re-Elects Chairman A. M. Gaudin 


Engineering Foundation, research de- 
partment of United Engineering Trustees, 
Inc. (UET), has announced the re-elec- 
tion as chairman of Prof. A. M. Gaudin 
of Massachusetts Institute of Technology. 

Three new directors have been elected: 
Dr. H. L. Dryden, deputy administrator, 
National Aeronautics and Space Adminis- 
tration; Member-at-Large, Dr. L. F. Hick- 
ernell, of Hastings, N. Y., vice-president— 
engineering, Anaconda Wire and Cable 
Company; and Member-at-Large, R. A. 
Kinckiner, of Wilmington, Del., deputy 
director, Engineering Researck Labora- 
tory, Engineering Department, E. I. du- 
Pont de Nemours & Company, represent- 
ing the American Institute of Chemical 
Engineers. 

UET consists of AIEE, American So- 
ciety of Civil Engineers, American Insti- 
tute of Mining, Metallurgical, and Petro- 
leum Engineers, American Society of 
Mechanical Engineers, and American In- 
stitute of Chemical Engineers. 

UET is owner and operator of the new 
United Engineering Center, at United 
Nations Plaza, the 20-story building which 
will house 18 professional engineering or- 
ganizations and will be the largest as- 
sembly of engineering organization head- 
quarters in the world. Through UET, its 
constituent societies engage in many co- 
operative projects and in the giving of 
major awards. 


JECMB Seeks Invitations 
for Future Conference Locations 


The Joint Executive Committee on 
Medicine and Biology (JECMB) is solicit- 
ing invitations for future conference loca- 
tions. 

An offer has been received from the 
Baltimore, Md., Professional Group on 
Bio-Medical Electronics (PGBME) Section 
of the Institute of Radio Engineers to 
hold the 1963 conference in that city. 
Other bids for the 1963 conference loca- 
tion will be considered if received before 
November 1, 1961. 

Communications should be addressed 
to Dr. R. L. Bowman, chairman, JECMB, 
National Heart Institute of National In- 
stitutes of Health, Bethesda 14, Md. 


Institute Activities 


Achievements and Goals 
of Soviet Engineering Reviewed 


Recent achievements and future goals 
of the Soviet Union (USSR) in the field 
of engineering and engineering education 
and manpower utilization are presented 
in a report published by Engineers Joint 
Council, Inc. (EJC). For instance, the 
USSR annually graduates approximately 
117,000 engineers, compared to 38,000 for 
the United States, and the Soviet plans 
call for substantial increases in_ that 
number. 

Ihe report, entitled “The Training, 
Placement and Utilization of Engineers 
and Technicians in the Soviet Union,” is 
based on a tour of the Soviet Union 
made last year by six representatives of 
United States engineers sponsored by EJC 
with financial support of the National 
Science Foundation and under an_ ex- 
change agreement between the United 
States and the USSR. The_ 112-page 
printed document, including footnotes, 
statistical data, and photographs, is avail- 
able in limited numbers for $1.00 each 
from Engineers Joint Council, 345 East 
$7th Street, New York 17, N. Y. 

Throughout the report there are indi- 
cations of the impression made upon the 
delegation by the serious determination 
and zeal with which the people of the 
USSR approach technical education 

The education section, written by H. R. 
Beatty, president of Wentworth Institute 
in Boston, Mass., describes the high de- 
gree of specialization required of engineers 
and technicians, and defines the different 
types of engineering and engineering re- 
lated institutions. 

Dr. Oleg Hoeffding, an economist with 
the RAND Corporation, and a specialist 
on Russian economic affairs, gives a pene- 
trating description of the framework of 
the master operating plan under which 
the training, distribution, and utilization 
of Soviet engineers and technicians takes 
place. 

The enthusiasm with which technically 
employed persons in the USSR approach 
evening and correspondence study is dis- 
cussed by Dr. S. B. Ingram (M °38, F ‘51), 
who spent many years as director of edu- 
cation and training for Bell Telephone 
Laboratories. 

C. S. Dargusch, an attorney and former 
deputy director of the United States Selec- 
tive Service, gives revealing observations 
on the motivation underlying the strong 
educational desires of the Russians 

The “Socialist Agreement on Co-opera- 
tion,” providing that professors shall work 
at enterprises with no additional pay, and 
also providing for use of engineering in- 
stitute research facilities by plant research 
men and plant facilities by professors, is 
included in the observations by W. E. 
Lobo, a consulting chemical engineer. 

Soviet practices on utilization are cov- 
ered by comments made by R. M. Ma- 
honey, an engineer currently engaged in 
personnel policy development for Union 
Carbide Corporation. 

A brief concluding section outlines the 
delegation’s views of the implications for 
the United States presented by the Soviet 
emphasis on engineering and engineering 
education. 
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AIEE FELLOWS ELECTED 


Board of Directors Meeting, June 23, 1961 


E. Dale Barcus (AM '29, M °43), toll serv 
ice transmission engineer, Pacific Tele 
phone and Company, Los 
Angeles, Calif., has been transferred to the 
grade of Fellow in the AIEE “. for 


Telegraph 


contributions in the field of noise, cross 
talk, and electrical protection and in the 


design of special communication trans 


mission facilities Mr. Barcus was born 
on October 17, 1902, in Terre Haute, Ind 
In 1924, he received a BS 
electrical engineering fvom the California 
Institute of 
Pacific 


student engineer graduate, he transferred 


degree in 
Technology. Starting with 
Telephone and Telegraph as a 
to the chief engineer’s department of Pa 
cific Telephone in 1927, and worked in 
the protection engineer’s organization on 
noise and crosstalk prevention, electrical 
protection, and foreign wire relations. In 
1949, he became protection engineer, and 
in 1954, toll service transmission engineer 
in charge of groups handling engineering 
of television, private line and data, mobile 
radio, and new development transmission 
designs. Mr. Barcus is a member of the 
National Association of Corrosion Engi 
neers, Pacific Coast Electrical Association 
Los Angeles Electric Club, and a senior 
member of the Institute of Radio Engi 
neers. He has served as District Secretary 
(1959-61) and on the following ATEE Com 
miuttees Wire 


(1950-58 


Communication Systems 
1954-61) and 


Radio Communication Systems (1959-61). 


Broadcasting 


Earl Clayton Barnes (AM °41, M °48), chief 


engineer of the research development 


Reliance 


Electric and Engineering Company, Cleve 


and engineering department 
land i has been transferred to the 
grade « llow in the ATEE ‘ for 
contributions to the design and engineer 
ing development of electric motors.” M1 
Barnes was born May 20 1918 in 
Ravenna, Ohio. He was educated at Ohio 
University, and at Case Institute of Tech 
nology from which he received the B.S 
(1940) and M.S. (1949) degrees, both in 
electrical engincering He joined Reliance 
in 1940 as a design and specification engi 
neer in rotating a-c and d-c machinery 
During the following I7 years, he was 
appointed, in succession, to the positions 
of a-c development engineer, senior elec 


trical design engineer for Reliance’s small 


E. D. Barcus 


and medium size a-c and d-c motors, man- 
ager of small motor engineering, and 
assistant chief engineer. In 1957, he was 
promoted to chief engineer of the re- 
search, development, and engineering de- 
partment. In this assignment, Mr. Barnes 
is responsible for the direction, co-ordina- 
tion, and planning of the corporation’s 
engineering, research, design, and develop- 
ment activities for electric drives, systems, 
and machinery. He is a member of the 
Cleveland Engineering Society, the Cleve 
land Society of Professional Engineers, 
and Tau Beta Pi. Mr. Barnes has served 
on the AIEE Rotating Machinery Com 
mittee (1955-61) 


Orlando E. Es: al (AM °37, M °47), vice 
president and manager, Motor Products 
Division, Wright Machinery Company, Di- 
vision of Sperry Rand Corporation, Dur- 
ham, N. C., has been transferred to the 
grade of Fellow in the AIEE “ for 
contributions in the field of aircraft flight 
instrumentation.” Mr Esval was born 
December 15, 1904, in Renville County, 
N. Dak. He received a B.S. degree in elec- 
trical engineering from Lowa State Col- 
lege in 1929. Mr. Esval entered the Gen- 
eral Electric Company's Test Course in 
1929 and was subsequently made proposi- 
Single Phase Motor Engi- 
neering. In 1931, he joined Sperry Gyro- 


tion engineer 


scope Company where he worked first as 
a fire control engineer on armament proj- 
ects, and then was assigned to experi- 
mental work on gyroscopics and rotor 
balancing in the Research Laboratory. In 
1940, he became research engineer, as- 
signed to flight, navigation instruments, 
and aircraft automatic controls. He was 
made research director in 1942 and was 
responsible for the development of non- 
tumbling gyro horizons, the Gyrosyn Com- 
Aircraft, 
which helped to advance all-weather fly- 


pass, and automatic pilots for 


ing techniques. In 1954, he became vice- 
president and chief of the Wright Ma- 
chinery Company Division of Sperry 
Rand, responsible for the engineering of 
automation devices and precision rotating 
components, and in 1959, vice-president 
and manager of the Motor Products Divi 
sion of Wright. He is a member of the 
Institute of Aerospace Sciences and the 


Air Force Association. 


E. C. Barnes 


Institute Activities 


Kugler’s Inc. 
W. K. Harding 


William Knowlton Harding (AM '39, M 
50), transmission engineer, Duke Powe1 
Company, Charlotte, N. C., has been trans- 
ferred to the grade of Fellow in the AIEE 
“i for contributions to the design and 
construction of transmission lines and sub 
stations.” Mr. Harding was born February 
1, 1901, in Greenville, N. C. In 1923, he 
received the B.S. degree in electrical en 
gineering from the University of North 
Carolina. After graduation, he 
Duke and was assigned to the electrical 
depart 
ment. In 1925, he became an electrical 
draftsman in the transmission engineering 
department, and subsequently was ap- 
pointed senior electrical engineer. He was 


no 


promoted to substation engineer in 195 


joined 


maintenance and construction 


with supervision over all substation en- 
gineering, which included standardization 
of 220-kv substations. In 1959, he became 
transmission engineer, directly responsible 
for all electrical engineering involved in 
the design and installation of high-voltage 
transmission lines and substations, which 
includes the delivery of power to large 
consumers and ‘the company’s distribu 
tion system. A_ registered 
engineer in the State of North Carolina, 
Mr. Harding is a member of the Charlotte 
Engineers Club and has served on the 
ATEE Substations Committee (1954-61). 


professional 


David Goodale Howard (AM ‘17, M °47, 
Member for Life), professor emeritus, 
U.S. Naval Academy, Annapolis, Md., has 
been transferred to the grade of Fellow in 
the AIEE “ . for his contribution to 
the education in electrical engineering of 
Naval 
Academy.” Mr. Howard was born May 10, 
1890, in Townsend, Mass., and was edu- 


the midshipmen of the l S 


cated at the Worcester Polytechnic Insti 
tute, from which in 1913 he received the 


Churchill 


D. G. Howard 
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George Keinath 


B.S. degree in electrical engineering, and 
in 1941 the Electrical Engineering degree. 
He was engaged in co-operative post 
graduate research for Westinghouse Elec 
tric Company in 1913-14, and was em 
ployed by the Westinghouse research de 
partment in East Pittsburgh, Pa., in 1914 
for oscillograph and high-voltage testing 
of varied types of electrical equipment 
During 1916-17, he was an instructor of 
electrical engineering at the Carnegie In 
stitute of Technology. In 1917, he entered 
the U. S. Naval Reserve and subsequently 
became a detailed instructor of electrical 
engineering. Transferred to civilian status 
in 1919, he served continuously as pro 
fessor emeritus in the department of elec 
trical engineering until his retirement in 
1955. A registered professional engineer in 
the State of Maryland, M1 
member of the American Society for En 


Howard is a 


gineering Education, the American Asso 
ciation for the Advancement of Science, 
and Sigma Xi 


George Keinath (M °37), consulting engi 
neer, has been transferred to the grade of 
Fellow in the AIEE “. 


to instrumentation for measurement and 


for contributions 


in recording of physical quantities by elec- 
trical means.” Dr. Keinath was born 1885 
in Augsburg, Germany. He 
from the Technical College of Munich in 
Germany in 1909 as doctor of engineering 


graduated 


For one year, he worked for the AEG in 
Berlin, Germany. During 1910-37, Dn 
Keinath was director of development and 
research of the Siemens and Halske Com 
pany, Berlin, Wernerwerk M. He origi- 
nated many new designs of instruments 
and high voltage instrument transformers. 
In 1928, he was named honorary professor 
at the Technical College of  Berlin- 
Charlottenburg. In 1931, Dr. Keinath 
started the Technisches 
Messen (ATM), a unique type of maga- 


frchiv = fuer 


zine which is still published and uses a 
special coding system for the articles to 
facilitate filing as a “living book.” He has 
been associated with the International 
Electrotechnical Commission. Dr. Keinath 
is known for his unorthodox methods of 
solving problems. In 1937, he came to the 
United States and undertook consulting 
work for a number of companies. He con- 
siders his best work the development of 
the sweep balance multirecorder, a new 
way of potentiometric recording giving 
100 to 500 measurements per second, not 
with a deflection or force but as a time 
interval or count, ready for computing 
devices without separate converters from 
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L. Killgore 


analog to digital, and giving the results in 
separate frames. Dr. Keinath is consulting 
technical director of the Keinath Instru- 
ment ¢ ompany. 


Cecil Lloyd Killgore (AM °37, M ‘47), 
president, Engineering Consultants, Inc 
Denver, Colo., has been transferred to the 
grade of Fellow in the AIEE * for con 
tributions to investigation, planning, and 
design of hydroelectric systems.” Mr. Kill 
gore was born in Hollywood, Calif., on 
June 3, 1910. He received the B.S. degree 
in electrical engineering in 1932 from the 
California Institute of Technology. Dur 


ing 1932, he worked at the Hoover Powe1 


Plant, first as a construction helper, then 


with the U. S. Bureau of Reclamation as a 
designer of control circuits and as a field 
engineer. In 1940, he was assigned to the 
Shasta and Keswick Power Plants of the 
Bureau and, in 1944 


chief engineer’s office of the Bureau in 


transferred to the 


Denver. In 1954, he was appointed assist 
ant chief designing engineer responsible 
for engineering and administrative super 
vision of the electrical, mechanical, and 
hydraulic branches of the Bureau office 
in Denver. Three years later, he resigned 
from the Bureau and organized Engineer 
ing Consultants, Inc. Since its inception, 
the firm has been responsible for the 
planning and design of hydroelectric proj 
ects in Thailand, Pakistan, Ceylon, and 
Greece. Mr. Killgore is a member of the 
Mechanical Engi- 
neers, International Conference on Large 
Electric 
Society of Professional Engineers, U. S. 


American Society of 
High-Tension Systems, National 


Committee on Large Dams, and Consult- 
ing Engineers Association. He has served 
on the AIEE Switchgear Committee (1948- 
60) and System Engineering Committee 
(1949-51) 


John Matthias Kopper (AM ‘34, M ‘43 
supervisor of engineering research, Johns 
Hopkins University Radiation Laboratory, 
Baltimore, Md., has been transferred to 
the grade of Fellow in the AIEE “. . . for 
contributions to the solution of problems 
of electromagnetic warfare.” Dr. Kopper 
was born September 15, 1912, in New 
York, N. Y. He received the bachelor’s 
and doctor’s degrees in electrical enginee1 
ing from Johns Hopkins University in 1933 
and 1944, respectively. He joined the elec- 
trical engineering department of Johns 
Hopkins in 1937 as a research assistant, 
became an instructor and, in 1944, an 
assistant professor. During 1944-46, while 
on leave of absence from the university, 
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J. M. Kopper 


Dr. Kopper was a member of the central 
station engineering section of Westing 
house Electric Corporation, East Pitts 
burgh, Pa. He resumed teaching at Johns 
Hopkins in 1946, and 


courses and laboratory in control systems 


organized — the 


In 1952, he became research contract di 
university’s Institute for 
Co-operative Research. In 1954, Dr. Kop 
Radiation 


where he has been working on problems 


rector in the 


per joined the Laboratory, 


in electromagnetic warfare Dr. Kopper 
is a registered professional engineer in 
the State of Marvland, a member of Sigma 
Xi and Eta Kappa Nu, a Fellow of the 
American Association for the Advance 
ment of Science, and a member of the 
American Physical Societv, Electrochemi 
cal Society, Society for Industrial and Ap 
pled Mathematics, Tensor Club of Great 
Britain, and Research Association for Ap 
plied Geometry in Japan. He is a mem- 
ber of the AIEE Feedback Control Sys 
tems Committee (1956-62) and the Basic 
Sciences Committee (1959-62) He was 
chairman of the Marvland Section, AIEE 


(1960-61). 


Henry R. Kurth (M ‘38) 


and director of steam and electrical opera 


vice-president 


tions, Boston Edison Company, Boston 
Mass., has been transferred to the grade 
of Fellow in the AIEE * for contribu 
tions to power system operating practices 
and safety standards.” Mr. Kurth was born 
April 26, 1900, in Cambridge, Mass. He 
received the B.S. degree in electrical en 
gineering in 1921 from Massachusetts In 
stitute of Technology. He was a research 
engineer at the Elihu Thomson Research 
Laboratory of the General Electric Com 
pany in 1921; that year, he joined the 
Standardizing and Testing Laboratory of 
Boston Edison Company. In 1924, he was 
transferred to the production department 
for the establishment of the new System 
Despatching Headquarters, the develop 
ment of automatic frequency control 
equipment, and preparation of increment 
cost data and procedures for power inter 
change with other utilities. In 1943, he 
was advanced to chief of electrical opera 
tions, and in 1952, to assistant vice-presi 
dent and superintendent of production 
and system operating departments. He was 
appointed to his present position in 1956 
During 1921-46, he lectured on electrical 
engineering for the Division of University 
Extension, Department of Education, 
Commonwealth of Massachusetts. He is 
affiliated with the System Operators of 
New England, the Edison Electric Insti 





tute, and is a registered professional en 


gineer in the State of Massachusetts. 


Otto Naef (AM '23, M ’31), consultant to 
the American Electric Power Service Cor- 
poration, New York, N. Y., has been trans 
ferred to the grade of Fellow in the AIEE 

for contributions in the fields of 
arc extinction and insulation co-ordination 
which contributed to successful design of 
high voltage power systems, especially for 
extra high voltage circuit breakers.” Mi 
Naef was born April 22, 1892, in Winter- 
thur, Switzerland. He received his di- 
ploma as electrical engineer in 1918 from 
the Swiss Federal Institute of Technology 
in Zurich 
Boveri Company and its British 


He was employed by the Swiss 
Brown 
affiliate on transient phenomena and metal 
1925, he 
oined the Scintilla Magneto Corporation 
American 


clad mercury are rectifiers. In 


New York, later merged into the 
Brown Boveri Electric Corporation, where 
he was chief engineer of application, ser 
ice and divisions and also in 


charge of circuit breaker design. Mr. Naef 


returned to Switzerland in 1932 and_ be 


testing 


came manager of the switchgear and pro 
LeEctive 
the Odcerlikon 
Zurich. In 1948, he returned to the United 


apparatus design department ot 
Engineering Company in 
States as circuit breaker engineer and later 
staff engineer of the American Gas and 
New York 
Since 1960, he has been a consultant for 
American Electric Power 


Corporation. He is a member of 


Electric Service Corporation 
switchgear to the 
Nc vice 
he Swiss Electrotechnical Society and of 

International Conference on Large 
Flectric Systems. He served on the AIEE 
\ (1927-30) 


\utomatic Stations Committec 


ind Switchgear 1948-50 


Joseph S. Quill (AM "43 M °49), manager 
f marketing, Electronic Components Divi 
sion, General Electric Company, Schenec 
tad N \ has been transferred to the 
grade of Fellow in the AIEE * for 
contributions to application of gas tu! 
bines and associated electrical equipment 


to gas pipe line pumping.” Mr. Quill was 
born in Peterboro, N. H., on December 22 
I9I8. He rece d the B.S. and M.S. de 
grees in electrical engineering from Mas 
sachusetts Institute of Technology in 1942 
[hat year, he was assigned to research 
and development work at General Elec 
tric. After completing the company’s Ad 
vanced Engineering Program, he was made 
responsible in 1947 for their electrical 
work on 


Washing 


system application engineerit 


9 
4 


the additions to the Hanford 


Otto Naef 


ton, and Oakridge, Tenn., atomic energy 
plants. Mr. Quill was a leader in the orig 
inal conception and application of indus- 
trial gas turbines to gas pipeline pumping, 
and received General Electric’s Coffin 
Award in recognition of his outstanding 
contribution in this area. In 1955, he was 
assigned to the company’s Engineering 
Services operation, and in 1957, he be 
came manager of product planning and 
marketing research of the industry con 
1960, Mr. Quill 
has been responsible for the marketing 
work in the Advanced Product Planning 
Operation in the Electronic Components 


trol department. Since 


Division. He is a member of the Institute 
of Radio Engineers and the National So- 


ciety of Professional Engineers. 


Harold Vernon Rathbun (AM '29, M ’37), 
Western Light and Tel- 
ephone Company, Inc., Great Bend, Kans., 
has been transferred to the grade of Fel- 
AIEE 
the design and 
mission and distribution systems in Cen- 
tral Kansas Mr. Rathbun was born 
March 27, 1905, in Ottawa, Kans. He 
graduated from Kansas State University 
in 1927 with a B.S. degree in electrical 
engineering. After 18 months on a General 
Test Course at Schenectady, N.Y., 


vice-president, 


low in the for contributions to 


development of trans- 


Electric 
he joined the Kansas City Power and 
Light Company 


to the design of substations, street light- 


where, he was assigned 
ing, distribution, and transmission. In 
Copper Wire Engi- 
Association and was associated 


1937, he joined the 
neering 
with Copperweld Steel Company in sales 
During World War II, 
Army Signal Corps 


promotion work 
he served in the U. S. 
with the Plant Agency in Philadelphia, 
Pa., and in the China-Burma-India Thea- 
ter as commanding officer of the 3561 
Battalion. A 
Reserve as a retired lieu- 
joined Western Light 


Signal Service member of 
the Honorary 
tenant colonel, he 
and Telephone Company, Inc., as an engi- 
neer in 1947. He was made vice-president 
of transmission and distribution in 1959. 
Mr. Rathbun is a member of the National 
Society of Professional Engineers and is 
currently a director in the Kansas Engi- 


neering Society 


Joseph W. Rittenhouse (AM ‘40, M °48), 


technical director, Hi-Voltage Equipment 
Division, Joslyn Manufacturing and Sup- 
ply Company, Cleveland, Ohio, has been 
transferred to the grade of Fellow in the 
ATEE * for contributions to engineer- 
ing education and to vacuum switching 


J. S$. Quill 
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techniques.” Mr. Rittenhouse was born 
January 22, 1917, in Neosho, Mo. He 
received the B.S. and M.S. degrees in elec- 
trical engineering from Purdue Univer- 
sity in 1939 and from the Missouri Uni- 
versity School of Mines and Metallurgy 
in 1949, respectively. In 1939, he joined 
the James R. Kearney Corporation in St. 
Louis, Mo., as an engineering assistant and 
later as an engineer. During World War 
II, Mr. Rittenhouse served in the U. S. 
Army Signal Corps, assigned to the Signal 
Corps Inspection Agency. Following mili- 
tary service, he joined the staff of the 
electrical engineering department of the 
University of Mines 
and Metallurgy. Mr. Rittenhouse joined 
the Roslyn Manufacturing and Supply 
Company in 1954 as technical director of 
the Hi-Voltage Equipment Company Divi 
sion, the position he now holds. A regis- 
tered professional engineer in the State 
of Missouri, he is a member of the Na- 


Missouri School of 


tional, Ohio, and Missouri Societies of 
Professional Engineers, and holds mem- 
bership in the American Society for Engi- 
Education, the Cleveland ° Engi 
neering Society, the Institute of Radio 
Engineers, and the Engineers Club of 
New York City. He belongs to Eta Kappa 
Nu, Sigma Xi, Tau Beta Pi, and Tau 
Kappa Alpha. Mr. Rittenhouse served on 
the following AIEE Committees: Student 
(1953-58, chairman 1957-58), 
Education (1956-58), Administrative De 
partment (1957-58), Admission and Ad- 
vancement (1957-58), Publications Depart 
ment (1957-58), Public Relations (1957- 
58), and Educational Publications (1959- 
60). 


neering 


Branches 


George Berthold Schleicher (AM '20, M 
*34, Member for Life), senior engineer, 
meter division, Philadelphia Electric Com 
pany, Philadelphia, Pa., has been trans 
ferred to the grade of Fellow in the AIEE 
“... for contributions to the development 
of transformer-loss compensation — tech 
niques for effecting economies in high ten- 
sion metering.” Mr. Schleicher was born 
in Hamburg, Germany, on November 26, 
1896. He studied electrical engineering in 
Philadelphia, Pa., at the Drexel Institute 
of Technology. Mr. Schleicher started with 
Philadelphia Electric in 1917 as a tester 
In 1925, he became technical assistant to 
the director, in the laboratories and test 
ing section and, in 1929, technical assist 


ant, in the meter division. His present 


position dates from 1952. Mr. Schleicher 


pioneered in the development of practical 


methods of metering high-voltage loads 


Clay Ward Harry A. Cole 
H. V. Rathbun 


J. W. Rittenhouse 
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G. B. Schleicher 


from the low-voltage side of the power 
transformers. He is a registered profes 
sional engineer in the State of Pennsyl 


vania and a member of the Pennsylvania 


Society of Professional Engineers and the 


Engineers’ Club of Philadelphia. My 
Schleicher served as secretary of the AIEEF 


Sections Committee (1959-60) 


Gordon Buchanan Tebo (AM °36, M ‘44), 


manage! Testing Laboratories of the 


Canadian Standards Association, Toronto, 
Ont, Ganada, has been transferred to the 
AIEE “ . for 


contributions to research and to develop 


grade of Fellow in the 


ments relating to the safe use of electric 
power.” Mr. Tebo was born July 23, 1906, 
in Ethelbert, Manitoba, Canada. He re 
ceived a B.S. degree in 1929 from the Uni- 
versity of Toronto. Mr. Tebo joined On- 
tario Hydro the same year, spent 2 years 
in the operations department, transferred 
to the laboratory in Toronto, held a num 
ber of key positions in Ontario Hydro’s 
Research Division, and was appointed 
director of research in 1953. He also served 
briefly as director of employee relations 
and director of organization services for 
Ontario Hydro. In 1958, he became man 
ager of the Testing Laboratories of the 
Canadian Standards Association. Mr. Tebo 
is a member of the Association of Pro- 
fessional Engineers of Ontario, the Stand- 
ards Engineers Society, the Engineering 
Institute of Canada, and the Engineers 
Club of Toronto. He has served on the 
AIEE Research Committee (1954-58) and 
Standards Committee (1956-61). 

Loyd Thomas Williams (AM '27, M "45), 
chief 
Electric Power Company, Shreveport, La., 


electrical engineer, Southwestern 
has been transferred to the grade of Fel 
low in the AIEE “. . . for contributions to 
the design and development of oil field 
Williams 


was born in Flagstaff, Ariz., on January 


electric supply systems.” Mr 
22, 1901. After graduation from the Texas 
Agricultural and Mechanical College in 
1925 with the B.S. degree in electrical 
engineering, he was employed as a dis- 
tribution engineer by the Southwestern 
Electric 
became the Southwestern Electric 
Company. In 
engineer for the Dallas Power and Light 
Company, and was assigned to industrial 
substation South- 
western Gas and Electric in 1931 in the 
East Texas Oil Field Division and sub- 


Gas and Company which later 
Power 


1930, he became a design 


design. He rejoined 


sequently became division engineer, design 


engineer in the General Office engineer- 
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G. B. Tebo 


ing department, acting chief engineer, as- 
sistant chief engineer and, in 1955, chief 
electrical engineer responsible for the 
engineering design and construction of 
transmission lines and substation and dis 
tribution construction standards. A regis 
tered professional engineer in the States 
Williams is 


a member of the American Association for 


of Texas and Louisiana, M1 


the Advancement of Science and the In 
stitute of Radio Engineers. He served on 
the AIEE Transmission and Distribution 
Committee (1943-48) 


Ralph G. Yerk (M ‘49), chief engineer, 
Hughes Brothers, Inc., Seward, Nebr., has 
been transferred to the grade of Fellow in 
the AIEE 


of wood transmission, distribution, and 


for contributions to design 


L. T. Williams 


R. G. Yerk 


substation structures.” Mr. Yerk was born 
in Chicago, Ill., on February 6, 1906. He 
has been associated with Hughes Brothers 
since 1927 and was made chief engineer in 
1935. In addition to supervising the engi 
neering work of the company, Mr. Yerk 
is in charge of research, development, and 
structure testing. He assisted in the design 
of the Public 
Service Company of 500-kv 
high-altitude test line at Leadville, Colo., 


wood structures for the 


Colorado’s 


and contributed to the design of Pennsyl 
vania Electric Company’s 460-ky test line 
near Saxton, Pa., and the 345-kv test line 
of the Illinois Power Company. He is a 
International 


collective member of the 


Conference on Large Electric High Ten 
member of the 
Nebraska Engineering Society. 


sion Systems and a 
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D. G. Blodgett (AM '55) 


vising field engineer, has been appointed 


formerly super 


assistant to the superintendent of Elec 
trical System Performance for the Detroit 
Edison Company, Detroit, Mich. 

Merwin Brandon (AM ’28, F ‘44), presi 
dent, Underwriters Laboratories, Inc., Chi 
cago, Ill., received a gavel and plaque on 


Lp A pomeh hag | 


To Monky’ Reanvon for Out 


RAIRBAN OF THE [ 
THe NATIONA 


RW Osaorn 


May 17 
ing Committee (both past and present) of 
the National Electrical Code Committee 
for his outstanding leadership as chair 


from members of the Correlat 


man of this committee. The presentation 
took place at the annual meeting of the 
National Fire Protection Association in 
Detroit, Mich. This committee is respon 


sible for the preparation of the National 


ADERSTP XS 


murT TES 


TAND INE 


MMT TER 


WR.VOLMEYE 
iWwarTacae 
OH Weer an Get 
STETKA J Wnitate 


AMcAnams 


G1. SWAN 


MEMBERS of the Correlating Committee (both past and present) of the National Electrical Code 
Committee presented this gavel and plaque to ‘‘Money" Brandon for his outstanding leader- 


ship as chairman of this committee 
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Electrical Code. Mr 
chairman of this committee during 1951- 


Brandon served as 


61, until he relinquished the chairman- 
ship to H. B. Whitaker (AM °37, M ’51), 
vice-president and chief electrical engi- 
neer of Underwriters’ Laboratories. Mr. 
Brandon served on the AIEE Safety Com 
mittee (1944-61) and Standards Committee 
(1944-61, chairman 1952-54). Mr. Whitaker 
has served on the AIEE Safety Committee 
1951-61, chairman 1955-57) 

B. M. Brenner (AM °56) has been appoint- 
formed Ad 
vanced Development Department of Am 


ed manager of the newly 


pex Instrumentation Products Company 
Redwood City, Calif. Mr 


has a 3-year association with Ampex, has 


Brenner, who 
been assigned the direction of a series 
of studies in areas of special technical 
interest to the company and the develop 
ment of ideas and techniques for ad 
vanced system design 

R. D. Chiff (M °59), formerly an engineer 
ing executive at International Telephone 
and Telegraph Corporation, heads the 
new firm of Rodney D. Chiff and Associ 
ates, consulting engineers, Bloomfield. N. J 


T. H. Cline (AM ‘41, M ‘49) has been 


appointed managel of engineering of 
Company Inc., 


Cline 


Stevens Manufacturing 
Mansfield Ohio Mr 
Stevens from the Newark-Ohio Company, 
a subsidiary of Sears, Roebuck and Com 


came to 


pany, where he was employed for 17 
vears, the last 12 as chief engineer of the 
Electric Range Division. He has served 
on the ATEI 
Applications Committee (1949-61, chair 
Safety 


Domestic and Commercial 


man 1951-58) and 


1953-61) 


Committee 


A. B. Credle (AM °35, M °43), manager, 
Advanced Technical Development, Inter 
national Business Machines Corporation 
Ossining, N. ¥ was elected vice-chair 
Division, 


man Industrial Electronics 


Electronic Industries Association at the 
association’s 37th annual convention in 


May in Chicago, Ill 


M. W. Cresap, Jr Arrit ‘59), president, 
Westinghouse Electric Corporation, Pitts 
burgh, Pa., has been elected a trustee of 
the Committee for Economic 
ment. Washington, D. ¢ 


Develop 


A. N. Curtiss (M 
to head the administrative and business 


57) has been appointed 


activities of the central research organi 
Radio Corporation of 
(RCA) in the newly created 
position of manager, administration, RCA 
Laboratories, at the David Sarnoff Re 
search Center in Princeton, N. J. Mr. 
formerly general manager 
the West Coast Missile and Surface Radar 
Division, RCA Defense Electronic Prod- 
ucts. He has served on the AIEE Fortes- 
cue Fellowship Committee (1957-63) 


vation of the 


America 


Curtiss was 


R. E. Deal (AM ‘49) has been elected 
vice-president—sales of the James R. Kear 
ney Corporation, St. Louis, Mo. Mr. Deal 
joined Kearney in 1960 as sales manager. 


P. M. DeRusso (AM '54), assistant pro- 
fessor of electrical engineering at Rens 


Polytechnic Institute, has been 


promoted to 


selaer 
associate professor. Dr. 
DeRusso, a Rensselaer graduate, joined 
the Rensselaer faculty as assistant pro- 


fessor in 1959. 


F. W. Godsey, Jr. (AM °30, F °45) has 
become vice-chairman of the Board of 
Directors, Electronic Communications 
Inc. As a member of the Executive Com- 
mittee, he will give particular attention 
to the Research Division in Baltimore, 
Md., and to the 
Corporation, wholly owned research sub- 
sidiary in Santa Barbara, Calif. Mr. God 
sey was formerly president of Electronic 


position he held 


Advanced Technology 


Communications, a 


since 1956. 


J. A. Haddad (AM ‘46) 


eral manager of the company’s Advanced 


previously gen- 


Systems Development Division, has been 
promoted to vice-president and assistant 
general manager of the Data Systems 
Business Ma- 
chines Corporation in New York. 


Division of International 


J. R. Harkness (AM '37) has been ap- 
pointed to the newly created position of 
vice-president—marketing for Librascope 
Division, General Precision, Inc., Glen- 
dale, Calif. He was formerly manager— 
electronics for the Bendix-Pacific Divi- 


sion 


J. B. Harris, Jr. (AM ‘17, M °45, Member 
for Life), formerly president of Rumsey 
Electric Company, Philadelphia, Pa., has 
been elected board chairman and _ chief 
executive officer. C. L. Greenley (AM '51), 
formerly vice-president, was elected pres- 
ident of the company. W. T. Johns, Jr. 
(AM '44) was named vice-president and 
chairman of the Executive Committee. 
H. J. Sheppard (AM ’34, M '51) has been 
named vice-president of sales and man 
ager, utility and power department, and 
director. Mr. Sheppard has served on the 
AIEE Board of Directors (1960-61) 


M. S. Hartley (M °56) has been appointed 
manager of the Cleveland, Ohio, engi- 
neering division of Brush Instruments, a 
unit of Clevite Corporation. Mr. Hartley 
comes to Brush from Polaroid Corpora- 
tion. 


M. E. Haskins, Jr. (AM '50) has been ap- 
pointed to the newly created position of 
manager, management science, in the Elec 
tric Data Processing Division of the Radio 


America. Mr. Haskins 


joined the corporation in 1959 


Corporation of 


A. D. Hasley (M 57) of Bell Telephone 
Laboratories represented the AIEE at 
the International Measurement Confer- 
ence held in Budapest, Hungary, on June 
25-July 4 


R. J. Heh (AM °49) has been appointed 
manager of the Utility Products Division 
of the Thomas and Betts Company, Eliza- 
beth, N. J. Mr. Heh served as assistant 
manager of the division since 1957 


Elected directors of the Aircraft Electrical 


Society, Los Angeles, Calif., to serve 
2-year terms on the Executive Committee, 


are: Charles Hennigan (Arrit °55), Norair 
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Division of Northrop Corporation, and 
M. O. Jack (AM °49), Douglas Aircraft. 


G. H. Herrick (AM ’26, M 33), formerly 
vice-president and general manager of the 
Electrical Division, Fairbanks, Morse & 
Co., headquartered at Freeport, IL, will 
head up divisional headquarters sales of 
large electrical machinery at Beloit, Wis 


R. E. Horn (AM '52) has been named 
Allis-‘Chalmers Manufacturing 
Company’s regulator department, Milwau 
kee, Wis. He was appointed acting man 
ager of the department 6 months ago. 
Mr. Horn has served on the AIEE Aero 
Space Instrumentation Committee (1957 
61). A. H. Baguhn (AM '56), formerly 
senior development engineer in the regu 
lator department, has been named chief 
engineer. 


manager, 


R. L. Hostetler (AM 55 
gineer in Akron, Ohio, in the fields of 
industrial controls and instrumentation 
Aircraft Corpora 
tion’s engineering organization. He has 
been assigned responsibilities of an engi 
neering specialist in the firm’s systems and 


consulting en 


has joined Goodyeat 


computer engineering group. 


R. L. Houlton (AM ‘'47) has been ap 
pointed automation 
engineering by the General Electric indus 
try control department, Salem, Va. He 
formerly headed the department’s Ad 
vanced Automation Control Project. 


manager proc ess 


J. Cc. Hoyt (M °45) of Woodcliff Lake, 
N. J., has been elected 1961-62 chairman 
of the New York Section, ATEE. Mr. Hoyt 
is an engineer with Gilbert Associates, 
Reading, Pa., and New York City. Other 
elected officers are: W. G. Cheney (AM °48, 
M '58), Rye, N. Y., vice-chairman; A. E. 
Joel (AM ‘42, M °48), South Orange, 
N. J.. secretary; 8S. H. Grim (AM °38, M 
52), Rockville Center, N. Y., treasurer; 
and A. B. Giordano (AM ‘40, M_ °57), 
Brooklyn, N. Y., and L, E, Gray (AM '52), 
Staten Island, N Y., members at large. Mr. 
Joel served on the AIEE Communication 
Switching System Committee (1957-61). 


A. H. Hurst (AM °56) has been appointed 
as application engineer in the sales de- 
partment of Erie-Pacific, Division of Erie 
Resistor Corporation, Hawthorne, Calif. 
Mr. Hurst was transferred to the West 
Coast division from the parent company 
in Erie, Pa. 


E. J. Isbister (AM '34, M °47) has been 
appointed vice-president—engineering of 
Radiation Inc., Melbourne, a. Mr. Isbis- 
ter was formerly chief engineer of Sperry 
Gyroscope’s Surface Armament Division, 
Long Island, N. Y. 


S. J. Jatras (AM ‘47, M °56) has been 
named _ vice-president of Lockheed Elec- 
tronics Company and general manager of 
its Avionics and Industrial Products Divi- 
sion located in Los: Angeles, Calif. Mr. 
Jatras was formerly acting general man- 
ager of the Division. 


T. F. Jones, Jr. (M '58), head of Purdue 


University’s electrical engineering school, 
has been named a director of the board 
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of the Columbus Process Company, Inc., 
Columbus, Ind. 


K. J. Joyce (AM 52) has been appointed 
supervisor of entertainment equipment 
sales—midwestern region for the Elee 
tronic Tube Division of Sylvania Electric 
Products Inc., a subsidiary of General 
Felephone & Electronics Corporation. 


K. B. Karns (AM °50, M ’61) has been 
appointed staff engineer for Establish 
ment Electronic Engineering, Federal Avi 
ation Agency, Kansas City, Mo. Mr. Karns 
was formerly chief of Navigation Aids 
Electronic Engineering. He has served on 
the AIEE Aerospace Transportation Com- 
mittee (1959-61). 


Raymond Kendall (AM °52) has been ap 
pointed manager of research and engi 
neering programs at Information Tech 
nology Laboratories, a division of Itek 
Corporation, Lexington, Mass. 


M. J. Knop (AM °56), former consulting 
engineer to leading electronic companies 
on the Minuteman program, has joined 
Microdot’s Magnetics Division, in South 
Pasadena, Calif 


F. R. Lack (M °37, F '48) has been named 
to the newly created post of senior vice 
president in charge of research of the 
Sprague Electric Company, North Adams, 
Mass. Mr. Lack has been a Sprague direc- 
tor since 1959. 


W. E. Landauer (AM ‘48, M ‘'55) has 
joined the G. C. Dewey Corporation, New 
York City, as senior associate in charge of 
its electronics laboratory. Prior to joining 
Landauer was Air- 
borne Instruments Laboratory, a division 


the corporation, M1 
of Cutler-Hammer 


Edward Lavin (Arrit °57) has been named 
director of applications research of Shaw- 
inigan Resins Corporation’s research de- 
partment in Springfield, Mass. He was a 
research section leader since 1955. 


G. F. Law (AM °54) has been promoted 
from field application engineer to power 
apparatus manager by the I-T-E Circuit 
Breaker Company, Philadelphia, Pa. Mr. 
Law was transferred from Houston, Texas. 


W. D. Lawrence, Jr. (AM °56) was on home 
leave during February and March in the 
United States from an assignment with 
the U. S. International Co-operation Ad 
ministration (ICA) in Ceylon. Mr. Lawr- 
ence is one of a group of technicians who 
have been helping to develop plans for 
a multipurpose water utilization project 
in Colombo, Ceylon, for the Mahaweli 
River. He has spent the last 2 years assist 
ing with a hydroelectric power generation 
plant for the project. Before leaving Cey- 
lon, Mr. Lawrence organized a training 
course to teach Ceylonese linemen the 
techniques of working on energized elec 
tric lines. The course will be held in India 
in an ICA-assisted school. When Mr. Lawr- 
ence returns to Ceylon, he will conduct 
a series of power system studies to show 
how to plan transmission lines. 


B. E. Lawton (AM 45) has been promoted 
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to the post of eastern regional sales man- 


ager for the Electronic Tube Division, 


Allen B. Du Mont Laboratories, Divi 
sions of Fairchild Camera and Instrument 
Corporation, Clifton, N. J. Mr. Lawton 
was formerly regonal manager for the 
south east. 


A. H. Leader (AM ‘48) has been named 
vice-president—sales of the Sequoia Wire 
and Cable Company, a subsidiary of the 
Anaconda Wire and Cable Company, Red- 
wood City, Calif. Mr. Leader has been 
Los Angeles district manager for Ana 
conda since 1960. In his new position, Mr. 
Leader will assume over-all responsibility 
for the Sequoia national sales program 


F. W. Lehan (AM ‘'46) has been elected 
executive vice-president of Space Elec- 
tronics Corporation. Since 1958, he was 
vice-president of the firm 


D. J. Love (AM °52, M °59) has been ap- 
pointed to the new position of product 
manager for Advanced Control Systems, 
Control Corporation, Minneapolis, Minn. 
Mr. Love was formerly manager of indus- 
trial sales at the Pannellit Division of 
Information Systems, Inc. 


H. T. Lowell, Jr. (AM °56) has been ap 
pointed general sales manager for the 
Baldwin - Lima 
Force Measurement Products Group, ac 


Hamilton Corporation 


cording to an announcement by the com 
pany’s Electronic and Instrumentation Di 
vision in Waltham, Mass. 


D. C. Luce (AM °36, F °49) was re-elected 
president of Public Service Electric and 
Gas Company, Newark, N. ]., by the 
board of directors of the company. 


R. W. MacKay (AM °54) has been named 


chief project engineer at the Bay City 
plant of the Electric Autolite Company, 
loledo, Ohio. He was formerly chief engi 
neer for generators. 


Michel Mamon (AM °58), a specialist in 
magnetic amplifiers for instrumentation 
and automatic control, and a leading elec 
tronic designer of transistor circuitry, has 
been appointed vice-president in charge 
of engineering for Dynex Industries, Inc. 
Mr. Mamon was formerly with Interna 
tional Telephone and Telegraph Labora 
tories. 


Devereaux Martin (M 
Estey Electronics, Inc., 


3) has rejoined 
Torrance, Calif., 
to become general operations manager of 
the firm. Vice-president in charge of Es 
tey’s electronics and engineering when the 
firm was located in Brattleboro, Vt., Mr. 
Martin has most recently been project 
manager, Hughes Aircraft Company, Com- 
munications Division, in Los 
Calif 


Angeles, 


James Massara (AM '60) has been named 


application engineer, regulator depart 
ment, Allis-‘Chalmers Manufacturing Com 


pany, Industries Group, Milwaukee, Wis 


F. J. McCluskey (AM ‘32, M "39) retired 
February 28 from the position of assistant 
chief engineer of the James R. Kearney 
Corporation of St. Louis, Mo 


M. B. McDavitt (M °40, F 51), director of 
transmission development of Bell Tel 
phone Laboratories, New York, N. Y., has 
been elected a vice-president of the com 
pany. A. C. Dickieson (M "41, F °59) has 
been named director of transmission de 
velopment. Mr. Dickieson was formerly 
director of transmission systems develop- 
ment. 





Receives Ninth ‘Outstanding’ Rating 


CHIEF of the electrical 
department at the 
U. S. Army Engineer 
Research and Develop- 
ment Laboratories, Fort 
Belvoir, Va., (right) 
O. P. Cleaver (AM '36, 
M ‘'48) recently re- 
ceived his ninth ‘‘Out- 
standing” rating cer- 
tificate. Col. J. H. Ker- 
kering, director, made 
the presentation. Mr. 
Cleaver holds more 
work performance 
awards than any oth- 
er employee at the 
Laboratories and has 
also received several 
“Sustained Superior 
Performance’’ awards. 
He has been with the 
Laboratories in a mili- 
tary and civilian ca- 
pacity since 1942 
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M. D. McFarlane 


scientist with the 


AM '27, F '51), research 
Acronautical and In 
Robertshaw 
Fulton Controls Company at 


strument Division of the 
Anaheim, 
Calif., has been appointed general chair 
man of the 1962 Winter Convention on 


Military Electronics 


L. E. Merrow (M °36) 
Orange and Rockland Utilities, Inc 
Nyack, N. ¥ has been elected to the 


sjoard of Directors of the company 


vice-president of 


F. M. Precopio (AM °56) has been named 
manager of engineering fo1 the General 
Electric Company’s Wire and Cable De 
partment. Mr. Precopio was formerly man 
ager of chemistry and insulation for the 
D-C Motor and Generator Department of 
General Electric’s Erie plant 


W. S. Pritchett (AM °48, W °50) has joined 
Hallikainen Instruments, Berkeley, Calif 
as chief electrical engineer in charge of 
hI) | and electrical aspects of 
instrument development and design. For 
the last 4 vears, he was chief engineer 
of Knopp Oakland, Calif 

Cc. E. Quick AM °53, M ‘'58) has been 
named stations and industrial power engi 
neer for the Detroit Edison Company's 
general engineering department. He was 
formerly industrial power engineer. He 
has served on the ALE! 


Powe! 


Industrial and 
Commercia Svstems Committee 


1954-61) 


A. H. Rector (AM °47, M °54) has been 
1dmitted as a partner to the firm mem 
bership of Burns & McDonnell Engineer 
ing Company, Kansas City, Mo. He joined 
McDonnell in 1947. Mr. Rector 
has served on the AIEE Transformers 
( nmittec 1959-61) 


Burns 


ReCorr (AM °59), an electrical engi 

lube Division of the Radio 

America, Harrison, N. J., 

iugers University on May 17 

in the annual awards made by the New 

York Chapter of the American Statistical 

Association to an “outstanding student in 

statistics.”” His award consisted of $50 and 

a membership in the American Statistical 
Association 


Joseph Reed (M '50) has been named ex 
ecutive engineer in the systems depart 
ment of the Adler Electronics Military 
Products Division in New Rochelle, N. Y. 
He was formerly principal engineer at 
General Precision Laboratories 


R. G. Rincliffe (AM °42, M °57), president 
of the Philadelphia Electric 
has received the 1961 award of the Phila 


Company, 


delphia Public Relations Association for 
his promotional efforts on behalf of the 
City of Philadelphia, Pa. Mr. Rincliffe 
was honored for his company’s national 
advertising program which promoted the 
Port of Philadelphia. He was also cited 
for his role in uniting utility companies 
throughout the country for development 
of peaceful uses of atomic power. 


Hyman Rosen (M ’59) has been appointed 
engineer of the new 
Ground Support and Systems Enginecring 


chief electronic 


ar 
726 


Division of Tenney 


Union, N. J. 


Engineering, Inc., 


R. W. Ross (AM '54) has been appointed 
manager of the field service department 
of Minneapolis-Honeywell’s Electronic 
Data Processing Division. In addition to 
his new responsibilities, he will continue 
as assistant director of the Division’s op 
erations engineering department. Mr. Ross 
was formerly assistant manager of the de 
partment. 


L. M. Roth (AM °47) has been appointed 
assistant director in Union Carbide’s De 
sign and Construction. Formerly engi 
neering group leader, he will continue to 
Technical 
Center in South Charleston, W. Va. 


maintain offices at Carbide’s 


J. B. Rudden (AM '50) has been ap 
pointed to the Automobile Traffic Con 
trol Section of Ramo-Wooldridge, a Divi- 
sion of Thompson Ramo-Wooldridge In¢ 

Los Angeles Calif. Mr. Rudden will be the 
resident Ramo-Wooldridge engineer in 
Chicago, Ill., for the Congress Street Ex 


pressway study project 


D. J. Santogrossi (AM °45) has been ap 
pointed chief engineer of Vernitron Cor 
Torrance, Calif and Carle 


ae € 


poration, 


Place, L. 


Gilles Sarault (M '46), consulting engineer 
of Quebec City, has been elected vice 
president of the Corporation of Profes 
sional Engineers of Quebec in Canada. 


M. W. Scheldorf (AM 738, M 745) has 
been appointed senior engineer in elec- 
tronics research at Armour Research Foun 
dation of the Illinois Institute of Tech 
Scheldorf 
Foundation in 1959 as a research engineer. 


nology. Mr joined the 


C. W. Schemm (AM '27, M °47), principal 
electrical engineer of Sverdrup and Parcel 


and Associates, Inc., engineers-architects, 
St. Louis, Mo., has been appointed by the 
Missouri Governor to serve on the Action 
Committee of the Traffic 
Safety Conference. Mr. Schemm is presi- 


Governor's 


dent of the Missouri Society of Profes 
sional Engineers. 


W. R. Schofield (F °32), a vice-president 
and member of the Board of Directors, 
Northrup Company, Phila- 
delphia, Pa., retired May 31 after 45 years 
with the instrument and controls manu- 
facturers. He commenced his career with 


Leeds and 


W. R. Schofield 
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the company as a draftsman in 1916, and 
held the positions of assistant chief engi- 
neer, chief engineer, and director of en- 
gineering, successively, before becoming 
a vice-president in 1944. He was elected 
to the Board of Directors in 1957. 


R. J. Shafranek (AM '47, M '54) has been 
named chief engineer in charge of the 
Electrical Power Equipment 
Electrical Product Development, at 
Tapco, a division of Thompson Ramo 
Wooldridge Inc., Cleveland, Ohio. A. F. 
Naylor (AM °49) has moved from Elec 
Mech- 
anical Product Development as assistant 


Section, 


trical Product Development to 


to the manager. 


A. J. Sherburne (AM ’54) retired in April 
after completing 40 years with General 
Electric. Mr. Sherburne has been respon 
sible for several developments in the in 
sulating area. He joined General Electric 
in 1920 and spent his first 8 years in the 
Research Laboratory where he worked on 
various chemical problems. In 1928, he 
concentrated on the insulating area, and 
in 1931 headed a group devoted to in- 
sulating materials development and ap- 
varnishes, and 
coatings. During 1948-55, he was managet 


plication, especially resins, 


of insulating products engineering. Mr. 
Sherburne has served on the AIEE Elec 
trical Insulation Committee (1957-61). 


D. C. Sherrick (M °56) has been appointed 
manager of technical liaison of STELMA, 
Inc., Stamford, Conn. Mr. Sherrick was 
formerly Washington technical director 
of the Kleinschmidt Division of Smith 
Corona Marchant. He has served on the 
AIEE Telegraph Systems Committee 
(1958-61). 


E. I. Shobert Il (M ‘51), manager of 
research, Stackpole Carbon Company, has 
recently been elected a member of the 
Board of Directors for Susquehanna l ni- 
versity, Selinsgrove, Pa. 


L. M. Silva (AM °52) has been appointed 
chief engineer of Electrosolids Corpora- 
tion, Los Angeles, Calif. Prior to joining 
Electrosolids, Mr. Silva was manager of 
the technical staff on research and devel- 
opment at Beckman Systems. 


J. F. Smith (AM '49) has been named 
manager, utility sales and distribution 
planning of General Electric’s re-aligned 
agency and distributor sales development 
operation, with headquarters in Schenec- 
tady, N. Y. R. C. Hanna (AM ’'39, M ’52) 
has been manager, distributor 
products sales development, of the new 


named 
operation. 


A. P. Stern (AM '55) has been appointed 
director of engineering in the Electronics 
Division of the Martin Company, Balti- 
more, Md. He comes to Baltimore from 
Syracuse, N. Y., where he was manager 
of the electronics applications laboratory 
of the General Electric Company. Mr. 
Stern has served on the AIEE Electronics 
Committee (1957-61) and Solid State De- 
vices Committee (1959-61). 


F. H. Streit (AM '30) has been elected 
vice-president, electrical operations, Co- 
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lumbus and Southern Ohio Electric Com- 
pany, Columbus, Ohio. He had been 
manager, production department, since 
1954. 


M. R. Sullivan (M 
Calif., has been elected to the Board of 
Directors of Rheem Manufacturing Com 
pany of New York City. Mr. Sullivan was 
president of Pacific Telephone and chai 


42) of San Francisco, 


man of the board until his retirement 
on February 25 under the company’s 65 
vear retirement rule 


S. B. Swift (AM '52) has been promoted to 
engineer, Under 
Chicago, IIl., 
assigned to duties of Section head in 


associate managing 


writers’ Laboratories, In¢ 


charge of the Signaling Device Section at 
the New York office. He was formerly 
senior proyect engineer 


I. F. Thomson (AM 756) has been ap 
pointed manager of components assembly 
at Non-Linear Systems, Inc Del Mar, 
Calif. Prior to joining Non-Linear Sys 
tems, Mr. 


Thomson was senior design 


group engineer at Convair-Astronautics 


R. C. Waldron (M 
chief engineer at the Okonite Company, 
Passaic, N. J., 
subsidiary of Kennecott Copper Corpora 
tion. He succeeds R. J- Wiseman (AM ‘16, 
F '27, Member for Life), who retired on 
December 31, 1959, but who now serves 


38) has been named 


wire and cable fabricating 


as Okonite’s cable consultant. Since 1955, 
Mr. Waldron served as manager of en 
gineering in the Marketing Division. Di 
Wiseman served on the AIEE Edison 
Medal Committee (1956-61). R. B. Blodgett 
(Arrit °56) has been appointed director 
of research of the Okonite Company. A 
member of Okonite’s research staff since 
1954, Dr. Blodgett has been concerned 
with research activities at Okonite’s Pat- 
erson, N. j., 


manager of paper cable research 


plant, in the capacity of 


T. C. Ward (AM °51), former vice-presi- 
dent and chief engineer of Kinetics Cor- 
poration, Solana Beach, Calif., has been 
named executive vice-president and chief 
engineer. W. A. Schmidt (AM ‘52), for- 
mer operations manager, has been pro- 
moted to vice-president. 


L. E. Welch (AFrit ’60) has been appointed 
assistant engineer in the d-c machine de- 
sign section of the electrical department, 
Allis-Chalmers Manufacturing Company, 
Milwaukee, Wis. He recently completed 
the Allis-Chalmers training course fo 
graduate engineers. 

H. J. Williams (AM ’54) has been pro- 
moted to supervising field engineer for 
the Electrical System Equipment Division 
of Detroit Edison Company, Detroit, Mich. 
Mr. Williams was formerly supervising 
laboratory engineer. 


S.-W, Winje (AM ’23, F '49, Member for 
Life), superintendent of substations for 
Indiana and Michigan Electric Company, 
Fort Wayne, Ind., was honored May 26 
at a retirement party attended by 100 
of the utility’s officials from a 2-state area. 
A veteran of 38 years of service with 
this company and its predecessors, and 
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more than four decades in electrical util- 
ity work, Mr. Winje retired on May 31. 
Mr. Winje is a former manager of elec 
tric operations for both the Indiana Serv 
ice Corporation and the Fort Wayne Di 
vision of the company. He had been the 
superintendent of the company’s 250 sub 
stations since 1955. During 1951-53, he 
was on leave to serve as “Co-ordinator 
of Power Supply, Indiana Area,” in charge 
of directing the sale of energy from 10 
utilities to the Tennessee Valley Authority 
serving Atomic Energy Commission load 


require ments 


A. A. Wolf (M 
of the Emerson Research Laboratories Di 


D7) has joined the staff 


vision of Emertron, Inc., as director of 
research. Dr. Wolf comes to the Labora 
tories from General Dynamics Electronics 
Corporation, where he was scientific ad- 


visor to the vice-president of research. 


OBITUARIES 


Thomas Alpin Dodson (AM ’50, M °56), 
head electrical engineer, Lower Colorado 
River Authority, Austin, Tex., died June 
14. Mr. Dodson was born November 21, 


1904, in Yarrellton, Tex. He received a 
B.S. degree in electrical engineering in 
1926 from the Agricultural and Mechani 
cal College of Texas. He was associated 
with the Lower Colorado River Authority 
during the last 10 years. Prior to this, he 
was employed by the Fargo Engineering 


Company during the construction of 
Granite Shoals and Marble Falls dams on 
the Colorado River and West Texas 
Utilities in Abilene, Tex. He was a mem 
ber of the Texas Society of Professional 


Engineers 


David Hall (AM '03, M '07, F °18, Mem- 
ber for Life), retired engineer of the 
Westinghouse Electric Corporation, died 
recently. Mr. Hall was born July 30, 1874, 
Fenn. He graduated in 
1896 with the electrical engineering de 
gree from Lehigh University. He joined 
Westinghouse in 1908 as a direct current 
designer at East Pittsburgh, Pa. In 1911 
as section engineer in the Power Division, 


at Favetteville, 


he was given charge of the large d-c 
machinery used in steel mills, electric 
railways, mines, and on submarines, and 
other Navy ships. From 1926 until retire 
ment, he was manager of district engi 
neering for Westinghouse in Southern 
California and Arizona. He was a membei 
of Tau Beta Pi and a past chairman of 
the Los Angeles Section, AIEE. He served 
on the AIEE Electrical Machinery Com- 
mittee (1921-24). 


John Maxian, Jr. (M ‘43, F 57), section 
head (electrical) for North American Avia- 
tion, Inc., Los Angeles, Calif., died June 
20, 1961. Mr. Maxian was born September 
24, 1905, in Wheeling, W. Va. He studied 
electrical engineering at the Linsly Insti 
tute of Technology from which he gradu 
ated in 1928. He was associated with 
North American Aviation beginning in 
1928, and 8 years later was made chief 
electrical engineer. A pioneer in aircraft 
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John Maxian, Jr. 


electricity, Mr. Maxian directed the de 
velopment of electrical pressurization con 
trol, electrical and fire control provisions 
and the first jet engine electrical control 
system. He contributed to the evolvement 
of the first radar navigation system for 
fighter aircraft, the first radar fire control 
system, and the first supersonic speed 
fighter. Mr. Maxian served on the AIEF 
Aero Space rransportation Committee 
(1944-46, 1951-61) 


Harry Finch Naramore (AM °48), appara 
tus engineer, Line Material Company 
Cleveland, Ohio, died July 6. Mr. Nara 
more was born November 26, 1917, in 
Wichita, Kans. He received degrees of B.S 
and MS. in electrical engineering in 1938 
and 1939, respectively. Mr. Naramore was 
associated with the Line Material Com 
pany from 1948 


Max Rubenstein (AM '27, M ‘48), consult 
ant in the governmental agency sales de 
partment, of the Washington, D.C., offices 
of the Anaconda Wire and Cable Com 
pany, died on June 27. Mr. Rubenstein 
was born January 28, 1892, in Philadel- 
phia, Pa. He joined Anaconda as district 
sales manager in Philadelphia, Pa., in 
1931, when Cables Accessories Company 
with which he was associated as vice 
president and sales manager, merged with 
Anaconda. He became district sales man 
ager in Washington in 1933. Twenty-four 
vears later, Mr. Rubenstein was named 
manager of agency sales 
Upon his retirement in 1960, he continued 


government 
actively with Anaconda as consultant 


Alan Griffith Stanford (M "28, F '50), vice 
president of Robert and Company Associ 
ates, Atlanta, Ga., 
neers, died recently at the age of 67. Mi 


architects and engi 


Stanford was born June 12, 1894, in 
Charleston, S.C. He graduated in 1914 
from Clemson, S.¢ Agricultural and Me 
chanical College with a B.S. degree in 
electrical-mechanical engineering. He 
started with Robert and Company in 1919 
as a junior electrical engineer. During 
1942-44, he served as project general man 
ager for the company on the design and 
construction of the Marietta, Ga., aircraft 
assembly plant for the production of B-29 
bombers. Mr. Stanford was vice-president 
of the company beginning in 1945. He 
served as president of both the National 
Society of Professional Engineers and the 
National Council of State Boards of Engi 
neering Examiners; and on the AIEE 
Transfers Committee during 1956-58 





In ever-widening areas of interest 


scientists and enginecrs are putting much 
ffort into solving the mysteries of space. 
some of this effort has resulted in satel- 
lites presently orbiting the earth while 
ther work is going into preparations for 
future space research. In the following 
paragraphs, a few selected projects are 
reviewed 


@ Stanford University and Stanford Re- 


search Institute will begin new studies of 


the solar system later this vear with a 


radar telescope reported to be America’s 


largest. The parabolic reflector antenna 
to the telescope is as tall as a 15-story 
yuuilding. A 20-60 mec transmitter built 
by Continental Electronics Manufacturing 
Company for the system requires a mil- 
lion itt power supply 

Operation of the radar telescope will 
be a joint project of the University’s 
Radioscience Laboratory and the Insti 


tute’s Communication and Propagation 
support from the Air 
Force’s Cambridge Research Laboratories 


University and 


Laboratory tl 


Institute scientists will 


share the new facility while conducting 
programs in basi and applied research. 
Research findings anticipated by the 
group include 1) more accurate meas- 
urements of cosmic distances 2) surface 
xplorations of the moon and planets; (3) 
new knowledge about the ionization den- 
sity and distribution in the sun’s outer 
corona and around various planets; and 
1) data about the amounts and move- 
ments of ionized gases and space debris 
between the earth and the moon and in 
interplanetary space 
@ Forces as minute as one millionth the 
pull of gravity can be measured with a 
highly accurate space guidance instrument 
developed by Sperry Gyroscope Company. 
In addition to detecting minute forces, the 
device can also measure forces as great as 
10 times the pull of gravity. 
Weighing slightly over pounds, the 
new unit, an integrated accelerometer, can 
replace a trio of single-direction acceler 


ometers that have a combined weight and 


OF CURRENT 
INTEREST 


Man’s Conquest of Space 


Depends Upon Varied Tools 


Artist's conception of the 150-foot-diameter dish antenna for the Stanford 


radar telescope. It will be used for cosmic-distance measurements, 


surface ex- 


plorations of the moon and planets, and for obtaining ionization data 


This integrated accelerometer developed by 
Sperry Gyroscope Company is shown under 
test. The unit is designed to measure a wide 
range of forces acting on space vehicles 


Nuclear power plant is 
fastened to the base of the 
latest Transit satellite be- 
fore vibration tests at Johns Wf 
Hopkins’ Applied 

Laboratory 


Physics 


Of Current Interest 


space requirement three times that of the 
newly developed instrument. 

Key to the operation of most advanced 

inertial guidance systems, the accelerom- 
eter is responsible for precisely recording 
an unlimited range of velocity changes 
that may occur during flight. Should an 
acceleration force equivalent to one mil- 
lionth the pull of gravity go undetected, a 
space vehicle could drift 
miles off course. 
@ Signals picked up from the Navy's 
navigational satellite, Transit, are being 
transmitted by a radioisotope-fueled SNAP 
(Systems for Nuclear Auxiliary Power) 
thermoelectric generator designed and 
built for the U. S. Atomic Energy Com- 
mission by The Martin Company. 

Che generator uses a nonfissionable form 
of plutonium (Pu-238) as its fuel. Since 
Pu-238 has a half-life of 89.6 years (its 
radioactivity will drop by only 50% during 
that period), the new generator is theo- 
retically capable of powering a_ space 
transmitter and instrumentation for an 
extremely long period of time. 


hundreds of 
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When the world’s first as- 
fronauts land on the moon, 
they will live in a plastic- 
lined balloon in a_ giant 
cave beneath the lunar sur- 
face, according to scientists 
of The Franklin Institute. 
Rocket shells will be sliced 
into cylinders and brought 
inside the balloon structure 
to house the space men 
and store supplies 


Ihe chief advantages of radioisotope- 
fueled generators for space use are their 
small size, light weight, long life, and 
reliability. Unlike solar cells, the operation 
of SNAP generators does not depend on 
exposure to the sun. Even a rechargeable 
storage battery system can be eliminated. 
Ihe atomic power source is also far less 
delicate than solar cells 
@ Prototype of a “moon room” unveiled 
by The Franklin Institute is a cylindrical 
shell 10 feet in diameter and 7 feet high. 
It would be made from a_ rocket that 
originally carried astronauts to the moon 
sliced in sections. An inner coating of poly 
urethane 
strength and sound-proofing. 


plastic would be used fo 

On the moon, according to The Frank 
lin Institute, the astronaut will encounter 
extremely hazardous conditions. Meteorites 
will crash to the lunar surface at speeds 
up to 45 miles a second. Temperature 
under a high sun will approach the 
boiling point of water but if the space- 
man steps into the shadow of an over- 


hanging ledge, temperature will drop 
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Tiros Ill television infrared satellite mounted 
for spin tests at RCA in Princeton, N. J. One 
of weights used to slow down spin is shown 
being adjusted 


Artist’s rendering of ex- 


pandable space structures: 


Proposed by Aeronutronic 
Division of Ford Motor 
Company. Structure in orbit 
(top) has been expanded to 
provide laboratory area for 
space experimentation 


Of Current Interest 


several hundred degrees. Also, gamma 
rays, X rays and ultraviolet radiation will 
come from the sun, possibly with solar 
flares, that would boost radiation by a 
factor of 100.000 

Ihe logical place to begin living on the 
moon, says The Franklin Institute, will be 
beneath the lunar surface, perhaps in a 
cave. An inflated balloon sprayed with a 
setting plastic will be the ideal covering 
shelter for the colony inside the cave. 
he first astronauts will literally make an 
eggshell of the balloon to retain an atmos- 
phere similar to that of the earth. The 
pressure of the atmosphere will be about 
7 psi. 

Within the balloon will be built the 

moon-room quarters for the individual 
astronaut. The balloon will probably 
house a number of these rooms. 
@ Tiros Ill, the nation’s newest weather 
satellite, was built for the National Aero 
nautics and Space Administration by the 
Radio Corporation of America. The new 
satellite carries two wide-angle television 
cameras as well as a new experimental 
infrared sensing system developed at the 
University of Wisconsin 

Purpose of Tiros III is to observe 
weather patterns and changes around the 
world and, particularly, to report on the 
origin and development of hurricanes in 
the Atlantic and Caribbean areas. 

Each of the two cameras will photo- 
graph cloud patterns over an area of about 
700 miles on a side for transmission to the 
ground stations. 

rhe infrared equipment consists of an 
omnidirectional sensor system carried on 
outriggers extending from opposite sides 
of the satellite’s circular base. The sensors 
will determine the thermal radiation char 
acteristics of the earth by measuring the 
heat radiated toward earth by the sun and 
the amount that is reradiated from the 
Other 
infrared equipment also aboard the satel 


earth’s surface and atmosphere. 
lite is used to measure heat variation on 


the earth’s surface and in the atmosphere. 
Transistorized circuits are used in the 
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electronic “clocks” which trigger the oper- 
ation of the television cameras and other 
equipment at any desired point in orbit 
The new circuits replace an arrangement 
of moving parts used in the earlier Tiros 
clocks 
@ The best laboratory for testing the 
design and materials for spacecraft is space 
itself. This is the view of scientists at Ford 
Motor Company's Aeronutronic Division 
who are conducting studies of semirigid 
and nonrigid manned space structures fot 
extreme-altitude Air Force weapon sys 
tems. The work is being done under a 
contract awarded by the Aeronautical Sys- 
tems Division of the I S. Air Force 
System Command, Wright-Patterson Air 
Force Base 

[he Aeronutronic scientists are studying 
various modular concepts for space struc 
tures. A typical spacecraft might consist 
f a command post or cab up front—a 
highly secure, rigid structure capable of 
re-entry. In the center would be a propul- 
SION component containing power for 
orbital correction or abort and having a 
retro-thrust rocket for de-orbit and re- 
entry. In back would be a living shelter 
or laboratory structure packaged within a 
van module for deployment once in space. 

Three general structure concepts are 
being studied. These are pressure-stabil 
ized membrane 


structures, rigid-panel 


inflatable structures or “space shingles,” 
and telescoping modules 
Use of the 


depend on how well multilayer plastics 


membrane structures will 


or rubberized materials can meet condi 
tions encountered in space. The space 
shingle concept involves use of panels— 
curved or flat, interlocking or overlapping 


which can supplement flimsy membrane 


structures and provide necessary armor 
within a variety of configurations. The 
telescoping module could be either rigid 
or semirigid and would be attached to the 
space cab directly or by a flexible connec- 
tion. 

When telescoped modules 
would be strung out behind the cab and 
could be used as inflated storage compart- 
ment or instrumented packages or as 
transmitting balloons such as Echo. 

@ Molybdenum trioxide, a split-person- 
ality vapor with Jekyll-Hyde character- 
istics, has the frustrating faculty of short- 
circuiting electric systems in 1,500-degree 
temperatures and then insulating them to 
cover the cause when room temperature 
contractor for 


deployed, 


is resumed. Boeing Co., 


Close-up of molybdenum trioxide whiskers 
which have taken root in a piece of stand- 
ard aircraft wiring insulation shows what 
could happen to unprotected electric sys- 
tems after experiencing the temperatures of 
re-entry 


RACEP — Discrete Address System 


Makes Possible Clear Voice Transmissions 


“Random Ac- 
cess and Correlation for Extended Petr 
formance 


Racer, which stands for 


is the equivalent of a private 
radiotelephone system having the operat 
ing characteristics of an ordinary tele- 
phone system without the use of wires or 
central switchboards. A subscriber can 
dial” any other subscriber and talk pri- 
vately with no interference. The system is 
Martin 


Orlando Division, which gives the follow 


i product of the Company's 
ing description 

Civilian and military fields of communi 
cations in a position to profit from the 
Racer development include: (1) Pilot-to 
ground-controller communications in both 
civilian and military air traffic control. (2) 
Communications for commercial firms and 
municipal departments (fire, police) be- 
tween controller or dispatcher and fleet 
vehicles 3) Communications in emer 
gency disaster situations. (4) Private, com 
military 
Private telephone-type 


mercial, o1 ship-to-shore com 
munications 5) 
world-wide communications via orbital 
satellite relay 

Equipment models demonstrate that 
Racep can handle 700 subscribers, each 
person having full use of his equipment 


at all times. Range of the prototype 
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models is about 15 miles, with additional 
range possible. 

The increasingly crowded radio spec- 
trum can at times be hazardous to life 
and property. Radio voice communica- 
tions between pilots, both civilian and 
military, and air traffic control centers 
sometimes become incomprehensible gib- 
interference 
between many transmitting stations trying 
to reach the same receiving center. Simi- 


berish because of multiple 


larly affected are mobile police and fire 
department radio communications systems. 
The RAcEpP system uses this crowded spec- 
trum with utmost efficiency 

Because of RAcep’s unique ability to use 
a single channel for multiple 2-way com- 
munications without interference, a large 
number of stations can operate at the 
same time with clear voice transmission 
and reception. Previously, only one sta- 
tion could accomplish this on a single 
channel in the same area. Martin engi- 
neers say that RAcep’s ultraefficient use of 
frequency bands should help to free cer- 
tain portions of the radio spectrum of 
their present clutter. 

Essentially, the system adapts a new 
modulation technique to carry voices in 
the form of quick pulses of radio energy 
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Dyna-Soar, discovered the phenomenon 
during simulated space flights of the Air 
Force maneuverable manned space craft. 

Molybdenum, a popular space-craft ma- 
terial because of its resistance to searing 
temperatures, oxidizes if exposed to air at 
high temperatures. Engineers surmount 
this problem by coating the molybdenum 
with a protective material. Tiny holes and 
hairline cracks which occasionally develop 
in the coating are not big enough to 
affect the structure of the craft seriously, 
but they do expose minute areas of mo- 
lybdenum. Even small quantities of mo- 
lybdenum trioxide evaporating from these 
minute areas penetrate aircraft wiring 
and short-circuit electric signals. At tem- 
peratures below 500 F, the molybdenum 
trioxide crystalizes and forms tiny “whis- 
kers” which act like insulation, thereby 
correcting the trouble. 

Because of the whisker formation, the 
electric system would appear normal if 
checked on the ground. But if the craft 
were flown again without determining the 
cause and location of the short circuit, the 
whiskers would vaporize and the problem 
would start all over. 

Present plans to protect the electric 
system against this phenomenon are to 
encase the wire in solid metal sheaths 
with the sheath only slightly larger than 
the wire itself. A mile of the sheathed 
wire weighs only about 40 pounds. 

When completed, the Dyna-Soar space 
craft will be boosted into space by a 
modified Titan intercontinental ballistic 
missile. On his return from space, the 
pilot will be able to maneuver his delta- 
winged glider in the atmosphere like an 
airplane and make a conventional landing 
at an airfield of his choice. 
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New communications system RACEP’s self- 
contained transmitter, receiver, power am- 
plifier, and antenna. Claims to be first indus- 
try breakthrough in field of wide-band 
communications systems. Revolutionary new 
development uses wide-band pulse system 
resulting in improved voice transmission; will 
handle several hundred subscribers. Maximum 
ground range exceeds 10 miles 
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on a single frequency band simultaneously 
between many persons and locations. It 
puts to use the pauses and breaks in nor- 
mal conversation as well as the idle time 
between calls, by disintegrating and cod 
ing speech signals into millionth-of-a-sec 
ond fragments, combining them at ran- 
dom, and transmitting them all at once 
over the same channel. Only receivers pre 
set for the proper code of a specific con 
versation can receive it and reconstruct 
its fragments into a normal flow of speech. 
The coded circuits of transmitters can be 
varied manually to match those of pai 
ticular receivers, 

Ihe system is likened to a huge bin 
into which colored glass marbles are flung 
at random for rapid transport through a 
pipeline so narrow that it can admit only 
one marble at a time. Hundreds of tic 
lines along its length are as narrow, but 
have traps that will pass a single color 
and no other. The marbles are pulverized 
in the bin and mixed together. As the 
colored glass dust flows through the main 
line, in the analogy, the tie lines capture 
the properly colored particles and recon- 
struct them into individual marbles. 
Military Application 

A good measure of military security is 
claimed as inherent in the RACEP system. 
Full cryptographic security may be 
adapted to it because of its digital char- 
acteristics. In connection with tactical war- 
fare, Martin scientists ask us to consider a 
battle in which six squadrons of the Tac- 
tical Air Command of the Air Force are 
requested to support three Army ground 
divisions. On the 30-square-mile battle- 
field are hundreds of communications net- 
works containing thousands of radio trans- 
mitters and receivers. 

Artillery, infantry, and, support groups, 
as well as aircraft crews and commanders, 
are talking among themselves and with 
their command posts. Simultancously, 
there are radio communications between 
ground and air. Other forms of radiation 
in the battle zone—radar and radio-con- 
trol systems for guided missiles—add to the 
violent hodgepodge of interfering signals. 
Such confusion, that could lead to defeat, 
would be eliminated by Racep, through 
which clear, unhampered communication 
is achievable with the ease of turning a 
knob and picking up a telephone. 

Because of the random-access feature of 
RACEP, no central communications center 
could fail and paralyze total communica- 
tion. Each unit is self-contained, and can 
reach any other unit from any location 
merely by having its transmitter set to the 
receiving code of another unit. 

Callers need not wait until the channel 
is clear before making a call. Scores on 
the same frequency can use a particular 
band at the same time because of the ran- 
dom access technique. RACEP’s “command 
over-ride” permits all receivers within 
range to accept an emergency call from 
the single transmitter originating the call, 
whether or not the individual receivers 
are in use at the time. 

Several other operational advantages are 
claimed for Racep, among them, interfer- 
ence-rejection, instant availability, confer- 
ence-call capability, commander-monitor- 
ing of every set without tuning, and 
portability or mobility. 
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A-C Electric Drive System 


Powers Huge Army Truck 
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Proposed a-c electric transmission system (above) has many important advantages over con- 


ventional mechanical transmission system (below) 


Weight of a 214-ton truck will be re- 
duced by as much as 1,800 pounds when 
a new a-c electric drive system is installed. 
The new system, developed by the Jack 
and Heintz Division of Siegler Corpora- 
tion, will be installed in an M-34 vehicle 
under a prototype contract awarded to the 
firm by the Army Ordnance Tank-Auto- 
motive Command. 

With the new system, conventional me- 
chanical power transfer parts such as 
transfer cases, transmissions, and clutches 
are climinated. Instead, locomotion of the 
vehiele is accomplished with induction 
traction motors built integrally into each 
wheel. The motors are operated by alter- 
nating current produced by an engine- 
powered generator. Current is fed to the 
individual motors through an _ electronic 
static frequency changer. 

One major advantage of the system is a 
reduction in weight because of the elimi- 
nation of parts. The weight reduction can 
mean an increase in the payload of a 
21%-ton vehicle by as much as 40%. A 
second major advantage is that the a- 
transmission system can become a mobile 
electric power plant capable of serving 
other functions in addition to propulsion. 
In this way, a military vehicle could be 
self-contained for operation of such de- 
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vices as missile transporters, erectors, and 
launchers. 

Additional advantages of the system for 
military vehicles include improved reli- 
ability, simplified maintenance, increased 
operating economy and better ground 
clearance. 

Ihe system is adaptable for special-pur- 
pose land and amphibious vehicles, either 
wheeled or tracked. 


Pigeons Carry Transmitters 
for Tracking Experiments 


Extensive research in the method by 
which a pigeon is enabled to home-in on 
its roost is being expedited through use of 
miniature transistorized transmitters at 
tached to the pigeons. It is believed that 
a thorough understanding of the prin- 
ciples involved in pigeons’ flights will 
enable scientists and engineers to develop 
improved navigational systems for civilian 
and military use. 

Ihe tracking system involved was devel 
oped for the Office of Naval Research by 
American Electronic 
The system includes a miniature transis 
torized transmitter which can be attached 


Laboratories, Inc. 
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Pigeon tracking transmitter is mounted on 
pigeon’s back as shown. Package is probably 
the largest payload that has been carried 
successfully by a pigeon 
to the pigeon and which will emit a 
readily identifiable radio signal when the 
pigeon is in flight. Weight of the entire 
transmitter including battery is less than 
21% ounces. Flight course of the pigeon is 
plotted by tracking stations set up at sev 
eral locations 

The transmitter package is a 140-mc 


crystal-controlled 


oscillator driving a tran 
sistorized amplifier which delivers about 
| mw of r-f power to a modified half-wave 
antenna. Four mercury cells give 
unit a continuous operating life of at 
least 20 hours 
In some initial experiments, two pigeons 
equipped with the transmitters were re- 


leased 


at 10-minute intervals from a loca 
tion 25 miles distant from their home 
roost tjoth were tracked to their roost. 
When the first one landed, it was. still 
possible to receive the transmitted signal. 
Both birds completed the flight in about 


a 79 Minutes 


Sonic Boom Research 


Gets Under Way 
With the projected development of 
2? OOO mph supe rsonic Comme rcial airline rs, 
the phenomenon of sonic boom has be- 
come a target for thorough investigation. 


\ co-ordinated 


research program by the 
Admin 
istration, the United States Air Force, and 


the Federal Aviation Agency is scheduled 


National Aeronautics and Space 


for a 6-month program 

The research will be divided into four 
projects covering specific areas: sonic 
boom generation and progagation; design 
considerations to minimize sonic boom 
intensity operational procedures to min- 
imize sonic boom and its effects 

Sonic boom can be defined simply as an 
explosion-like sound caused by a_ shock 
wave generated by an aircraft flying at 
supersonic speed. It occurs when an air- 
craft moves through the air at a speed 
which exceeds sound and generates press- 
ure waves. The waves attain the shape of 
a large cone extending downward and 


rearward from the plane in all directions. 


Numerically Controlled Flame Cutter 


Lowers Cutting Costs 


Especially suited for use in shipyards 
and by large and medium-sized fabrica- 
tors, a new flame-cutting machine is said 
to be the first such device numerically 
controlled by tape. The new machine 
eliminates the need for templates, tem- 
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Conventional system re- 
quires engineering draw- 
ings, templates, and an 
electronic tracer to drive 
and steer a pantograph- 
type cutting machine 


New system requires en- 
gineering drawing from 
which a program is pre- 
pared manuaily includ- 
ing other auxiliary func- 
tions. Program is trans- 
ferred to paper tape 
which is used as input 
to the cutting machine 


Future system adds a 
general-purpose com- 
puter to program com- 
plex parts without en- 
gineering drawings 
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plate tables, and reliance upon an opera- 
tor to control the flame-cutting process. 
The system was developed by Air Reduc- 
tion Sales Company in co-operation with 
General Electric Company. 

Consisting of a General Electric Mark 


PAST 


3 TEMPLATE MAKING 
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MANUALLY 
TYPEWRITTEN 
PAPER TAPE 


DIMENSIONED 
BLUEPRINT 


MANUALLY 


PAPER TAPE 


READER 
- CUTTING 


MACHINE 


G E MARK CENTURY 


“LOGIC | CONTROLLER 


Numerically controlled cutting system consists 
of two main components—the director and 
the cutting machine proper 


Century numerical contour control system 
and the cutting machine proper, the sys- 
tem provides fully automatic control of 
flame-cutting Operations by means of pre- 
determined, numerically coded instruc- 
tions. Lowest cutting costs should be ob- 
tained because of optimum automation of 
all operations. 

With the system, the part to be cut is 
designed, and engineering drawings are 
prepared. A program is devised by extract- 
ing dimensional information from the 
drawings. The information is then trans- 
ferred to paper tape by an automatic 
punch typewriter. The system is also com- 
patible with the use of electronic com- 
puters for simplified programming. 

The punched tape provides the input 
data to the cutting machine. After initial 
positioning by an operator, all operations 
are fully automatic. Auxiliary functions 
such as starting and stopping the machine, 
igniting of preheat flames, flame control, 
gas supply control, and cut sequence are 
programmed on the tape. Cutting speeds, 
also controlled by the tape, can be pro- 
grammed within the limits of 2 to 35 
inches per minute. The system is equipped 
with four cutting torches and has an ac- 
curacy of +1/64 inch. 

[The machine has a 


cutting width 


Four-torch flame cutter is shown slicing through steel plate automatically while operator 
watches. Prototype machine has cutting width of over 20 feet and will handle lengths up to 
40 feet with an accuracy of within 1/64 inch of true position 


slightly in excess of 20 feet. It will cut two 
10-foot or narrower plates side by side. 
Cutting length can be made to order, but 
cable and hose lengths installed 
on the prototype machine, the available 


with the 


length is about 40 feet. 

Each side of the machine is driven by a 
separate gear-head motor connected by a 
servo-tie system to prevent skewing and 
maintain the proper precision. Extending 
across the front of the main bridge struc- 
ture joining the two side sections of the 
machine is a drive screw driven by a 
motor on the operator’s side of the ma- 
chine. This screw drives the torch heads 
and positions the cutting torches in the Y 
direction. 

[he prototype machine has a continu- 
ous drive screw, half of which is threaded 
left-hand and half right-hand. This fea- 
ture permits cutting of two plates, one 
being the mirror image of the other. 

In preparing a cutting program, two 
basic types of information are placed on 
paper tape. The numerical information 
required to determine the actual shape of 
the part to be cut is obtained from engi- 
neering drawings. The second type, aux- 
iliary function 
previously, is also included. 


information mentioned 


Ihe machine is programmed from point 


Water Bullets Penetrate Steel— 


Cause Light Emission 


Drops of water traveling at velocities 
up to 3,400 mph can _ penetrate thin 
pieces of metal as would-a rifle bullet, ac- 
cording to Westinghouse Electric Corpo- 
ration research scientists. Purpose of the 
company’s experiments is to study the 
action of water droplets upon the rapidly 
spinning blades of a steam turbine. 

Over a long period, drops of water in 
moist steam erode the leading edge of a 
whirling turbine blade. Similar erosion 
occurs on the surfaces of airplanes and 
missiles when they collide with rain- 
drops during high-speed flight in the 
rain. 

Westinghouse experiments are designed 
to study the complex erosion process in 
its simplest form. Single drops of water, 
fired at metal surfaces under carefully 
controlled conditions, replace the count- 
less drops moving about inside a turbine 
with unknown speeds and directions. 
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The water bullets are produced by 
compressed air. A small lead pellet is 
fired down a 30-inch metal tube by gas 
pressures of about 150 psi. The pellet 
strikes a small sealed reservoir of water 
having a tiny opening aimed in the di- 
rection of the metal sample. Upon impact, 
the lead pellet squeezes out a jet of water 
which crosses a l-inch gap and _ strikes 
the metal’s surface. The slug of water 
reaches the metal in about 15 millionths 
of a second. To study it en route and 
upon impact, a high-speed camera ar- 
rangement photographs it at intervals as 
short as 5 millionths of a second. 

A peculiar light is emitted when the 
water strikes the metal and this also is 
recorded on the photographic film. The 
flash of light lasts for less than 1 mil- 
lionth of a second. Why the light forms 
at the instant of impact of the water on 
the metal surface is not yet understood. 
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to point and each following point repre- 
sents a departure from each new starting 
point. Straight lines and arcs of circles 
can be programmed. The paper tape is a 
standard 8-channel tape as used in the 
machine tool industry for numerical con 
trol 

A future variation of the system might 
include a computer assist to program com 
plex parts without the benefit of engi 
neering drawings. In such a system, a 
general-purpose computer and its acces 
sories, would use a simple engineering 
sketch with certain key dimensions as a 
Starting point 

Construction of the numerical control is 
solid-state with components mounted on 
printed-circuit boards with simple plug-in 
connections A test routine tape Is pro- 
vided to check for proper operation of 
the digital circuits. With this technique, a 
complete check takes only 5 minutes. 

Under the joint development agreement 
between Air Reduction and General Elec- 
tric, the latter company will provide fac 
tory-trained engineers to inspect the con- 
trol and machine combination both before 
and after it is shipped to the user. Service 
contracts will be available for preventive 
maintenance and emergency service at 
nominal charge. 


Of the metals tested, Stellite (a cobalt 
alloy) and tungsten carbide have shown 
the greatest resistance to the supersonic 


Brilliant flash of light is generated by émpact 
of a single supersonic drop of water shot 
like a bullet into solid steel at speeds up to 
3,400 mph 





Single drop of water easily penetrates thin 
pieces of aluminum and puts dent in a sam- 
ple of solid steel when shot from a com- 
pressed air gun 


water bombardment. Other facts uncov- 


ered by the experiments are: uniform jets 
vith a smooth leading tace cause more 
lamage than irregularly shaped jets; i 
egularities in the metal surface have lt 
tle effect on erosion damage; thin films of 
water or oil do not protect the surface of 
+} 


he metal and visible damage, barely seen 


n the metal surface, appears to corre 
spond to the actual threshold of wate 
erosion damage 


experienced in the op- 


ation of steam turbines 


Signal Corps Receives New 
Radio Communications System 


Recently g 


displaved by U.S. Army Sig- 


| Corps in a working demonstration at 


} 4 
Myer Va was a high powered mo- 


radio communications system which 


1d 


vould apply to one of the major problems 
sonal 


imited 


wartare I he new system 158 
designed compacti\ so that it can be 
flown, trucked, or floated anywhere, and 
can begin operation from its own powel! 
sources thin 2 to 8 hours, for use in 
fast-moving al warfare Army units 
Communicatic will consist of from 1 
to 3 telephone channels and 8 to 16 tele- 
type channels permitting spoken o1 
printed messages stantly, in code if de 
sired. Known technically as the AN/TS( 
18, 19, and 20, the three radio systems 
have ranges of transmission and reception 
of 7,500, 5,000 and 2,500 miles respectively 
Ihe greatest distance from the Pentagon 
of a high-powered permanent radio instal- 
lation is 3,000 miles and these new global 
communications radio systems may be ex- 
pected to fill a crucial need. The systems 
were designed and engineered by Adle1 


of New Rochelle, N.Y 
Adler's global radio units are furnished 


Electronics, Ine 


with single side-band equipment for long 
range, multichannel communication. Each 
information 


side band carries multiple 


channels and greatly increased power fa- 
cilities 


The I-kw 7S¢ 


which is the lowest 


powered but most compact of the three 


units, provides one telephone channel and 
eight teletype channels with a range of 
2500 miles. It can be carried by a single 
assault aircraft to the heart of a _ battle 
area, is self-contained and self-sustaining. 
Ihe whole I-kw unit consists of a small 


shelter plus two subscriber packages for 
remote operation. It can be completely set 
up in 2 hours, and ready to transmit and 
receive over a 2,500-mile range. 

The 10-kw TSC-19 provides 3 telephone 
channels and 16 teletype channels with a 
range of 5,000 miles. It is made up of foun 
small shelters and power generators, is ex- 
tremely compact, fully mobile by air, and 
capable of being set up at an Army head- 
quarters or in disaster areas in 8 hours, 
at which time it is ready to transmit or 
receive over a 5,000-mile range. 


A Signal Corpsman uses teletype equipment 
in the air-transportable shelter of one of the 
systems in the Army's new family of long- 
range, Gir-transportable communications sys- 
tems. AN/TSC-18 and 19 each provide three 
voice and 16 teletype channels, while the 
AN/TSC-20 has one voice and three teletype 
channels. Where needed, one facsimile chan- 
nel can replace 1-voice channel in each of 
the systems 


More powerful than the other two 
models, the 40-kw TSC-18 is nonetheless 
fully mobile and can be instantly trans- 
ported by air to trouble spots. This 40-kw 
unit has the same channel provision as 
the /9; its range is 7,000 miles. It consists 
of a trailer, three small shelters, and 
power generators; the whole powerful 
transmitting and receiving unit can begin 
dispatching messages after an 8-hour as- 
sembly period. Its special usefulness 
would be in supplementing or restoring 
badly damaged military radio facilities. 
Its extensive range would easily allow it 
to bypass a damaged link in an established 
communications system and to beam mes- 
sages on to the nearest undamaged link. 


From a subscriber station of the AN/TSC-20, 
a Signal Corps operator sends a teletype 
message to the TSC-20 terminal station which 
is tied in to the Army's globe-circling 
STARDOM network 


Power Flows at Rocky Reach 


Electric power has started flowing from the first of seven generators at the $262 million Rocky 
Reach hydroelectric project on the Columbia River near Wenatchee, Washington. All seven gen- 
erators, capable of producing 775,000 kw, are expected to be operating by November 1. Ac- 
cording to Stone & Webster Engineering Corporation of Boston, which designed and supervised 
construction of the project for Public Utility District No. 1. of Chelan County, Washington, there 
is space for four more generators. These would raise output eventually to 1,215,000 kw 


Of Current Interest 
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20,000—Kva Power Transformer 
Has All-Aluminum Parts 


Fabricated for Aluminum Company of 
America by General Electric Company, a 
20,000-kva power transformer is believed 
to be the largest ever built with all elec 
trical and structural parts made of alumi 
num. The transformer has been installed 
in a substation at the Alcoa plant in 
Massena, N. Y., and is being used for 
voltage step-down from 115 kv to 13.8 kv 
and 69 ky. 

Constructed of aluminum—except for 
the magnetic core, interconnecting cables 
and insulating parts—the 3-phase, Y-to 
delta transformer employs an_all-welded 
aluminum tank, aluminum core clamps 
and aluminum radiators. Its winding 
structure incorporates aluminum foil in 
the high side and aluminum wire in the 
low side. 

Better transient voltage characteristics 
obtained through the use of the alumi 
num foil instead of wire for high-voltage 
windings was cited by both companies as 
the chief electrical advantage of the new 
prototype transformer. 

Mechanical advantages resulting from 
optimum use of aluminum in power trans 
formers compared with conventional ma 
terials are: more efficient heat exchange: 
increased corrosion resistance; reduced 
maintenance costs, and potentially lower 
material and manufacturing costs. 








Prototype aluminum power transformer has 
parts labeled A,B,C, and D made of alumi- 
num. These parts are: A—windings; B—core 
clamp and coil supports; C—tank and D— 
radiators 


“Watchdog Television” 
Security System Demonstrated 


“Watchdog Television,” a new electronic 
safety system specifically devised to com- 
bat apartment house crime, was demon 
strated recently by Bell Television, Inc 
designers, producers, and installers of tele 
vision electronic equipment. 

Developed by Martin Sugar, president of 
Bell, this method of home protection en 
ables a tenant from his apartment to 
identify and check visitors visually at out 
side main and service building entrances 
before admitting them : 

“ ‘Watchdog Television’ is the tenant's 
personal 24-hour ‘radar defense’ against 
the growing menace of apartment house 
entries by unknown dangerous intruders,” 
Mr. Sugar stated 
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A visitor entering the main vestibule 
or service entrance of an apartment build 
ing equipped with the new system must 
step directly in front of a concealed tele 
vision camera when looking at the cus 
tomary panel of tenants’ names and signal 
buzzers 

This continuously operating camera im 
mediately transmits the visitor’s image 
directly to a 5-inch television screen, con 
veniently prelocated in a wall of each 
apartment residence. 

rhe tenant getting the buzzer signal 
presses a button which lights the screen, 
thus revealing a close-up of the down 
stairs caller. If he desires, the tenant can 
then press the customary release button 
unlocking the downstairs entrance door. 
A house telephone situated above the 
screen permits 2-way conversation. 

In addition to its present introduction 
as an apartment house security safeguard, 
Mr. Sugar expects this closed-circuit tele 
vision innovation to have a large number 
of other important business and industrial 
applications. 


Concentrators Increase Efficiency 
Of Silicon Solar Cells 


According to The Boeing Company, the 
amount of electricity which silicon solar 
cells produce from sunlight can be in- 
creased by about 45% through use of 
special sunlight concentrators 

Studies conducted on the slopes of Mt 
Rainier have made use of a Somor con- 
centrator adapted to solar cell use. The 
cells are mounted on the concentrator 
which is oriented to face the sun. Spe 
cially anodized aluminum surfaces of the 


“co 


Some of the equipment used in experiments 
to increase the efficiency of silicon solar cells 


concentrator are designed to reflect maxi- 
mum additional sunlight to the cells. 

Importance of increased efficiency is ap- 
parent when the cost of silicon solar 
cells is known. For example, enough cells 
to light ten 100-watt bulbs costs about 
$350,000. Today's relatively small satel- 
lites require from 10 to 200 watts. 

Studies conducted on Mt. Rainier with 
the concentrator have produced sunlight 
intensity of more than 100 watts a square 
foot. About 130 watts a square foot exist 
in space in the vicinity of the earth. 
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Future Meetings of Other Societies 


16th National Conference, Association 
for Computing Machinery and Ist Inter- 
national Data Processing Exhibit, Sept 
5-8, Statler-Hilton Hotel, Los Angeles 
Calif. B. F. Handy, Jr., General Chair 
man, Litton Systems, 5500 Canoga Ave 
Woodland Hills, Calif 


International Symposium on the Trans- 
mission and Processing of Information, 
Sept. 6-8, Massachusetts Institute of 
Technology, Cambridge, Mass. E. M 
Hofstetter, Asst. Prof. of Electrical Engi- 
neering, MIT, Research Lab. of Elec- 
tronics, Cambridge 39, Mass 


ISA, 16th Annual Conference and Ex- 
hibit, Sept. 11-15, Biltmore Hotel, Los 
Angeles, Calif. E. J. Minnar, Technical & 
Educational Services, Instrument Society 
of America, 530 William Penn Place, 
Pittsburgh 19, Pa 


SPE, Regional Technical Conference, 
Sept. 12, Hotel Severin, Indianapolis, Ind 
R. D. Forger, Society of Plastics Engi- 
neers, 65 Prospect St., Stamford, Conn 


New York High Fidelity Music Show, 
Sept. 13-17, N. Y. Trade Show Bldg., 500 
Fighth Ave., New York, N. Y. Institute 
of High Fidelity Mfrs., Ine 125 23 
St.. New York 10, N. ¥ 


IRE, Conference on Technical-Scientific 
Communications, Sept. 14-15, Philadel 
phia, Pa. Institute of Radio Engineers 
PGEWS, Moore School of Electrical En 
gineering, Univ. of Pennsylvania, Phila 
delphia, Pa 


10th Annual Meeting, Standards Engi- 
neers Society, Sept. 18-20, Hotel Sherman, 
Chicago, Ul F. M. Oberlander, Public 
Relations Chairman, RCA, Camden, N. J 


Ist Fall Meeting, Enamel Div., American 
Ceramic Society, Sept. 20-23, French Lick 
Sheraton Hotel, French Lick, Ind. Améri- 
can Ceramic Society, 4055 N. High St 
Columbus 14, Ohio 


16th Annual Petroleum Mechanical En- 
gineering Conference, Sept 24-26, 
Muehlebach Hotel, Kansas City Mo. 
Petroleum Div ASME, 29 W. 39 St., 
New York, N. Y¥ 


AWS, National Fall Meeting, Sept. 25-28 
Hotel Adolphus, Dallas, Texas. American 
Welding Society, 33 W. 39 St.. New York 
18, N. ¥ 


7th National Communications Sympo- 
sium, Oct. 2-4, Municipal Auditorium 
Utica, N. Y R. E. Bischoff, General 
Chairman, 19 Westminster Rd., Utica 
N. ¥ 


SMPTE, 90th Convention, Oct. 2-6, Lake 
Placid Club, Essex County, N. Y. Society 
of Motion Picture and Television Engi 
neers, 55 W. 42 St.. New York 36, N. ¥ 


7th Annual U. 8. Army Human Factors 
Engineering Conference, Oct. 3-6, Uni- 
versity of Michigan, Ann Arbor, Mich 
Chief Signal Officer, Dept. of the Army, 
Rm. BD1024, The Pentagon, Washington 
25. D. C. 


Overseas 


Radio and Television Exhibition, Sept 
14-25, Pare des Expositions, Paris, France 
Federation Nationale des Industries Elec 
troniques, 23, rue de Lubeck, Paris 15, 
France 


Electronic Computer Exhibition, Oct 
3-12, Olympia, London, England. John 
Lodge, Public Relations Div., Pritchard, 
Wood & Partners Ltd., 197 Knights 
bridge, London, S. W. 7, England 











LETTERS TO THE EDITOR 


To the Editor: 

With reference to the cover of the June 
issue and the caption on the Contents 
page I will refrain from quibbling 
about the style: the “shattered” darkness 
and the searchlight beam “well beyond 
the moon,” whatever this may mean. Per- 
mit me, however, to point out a few tech- 
nical inaccuracies 


The arc is not an arc—the discharge is 
a flashove1 

Since when is electricity measured in 
volts? ; 
It doesn't “crackle”: the discharge is 
one pistol shot 

Ihe lightning-like bolts don’t “climb 
up’’—they better don’t. 

They don't “add” to the power—they 
are integral to the impulse generator’s 


operation. 


Also, I wonder whether the peak power, 
100 megawatts (for what time?) is pro- 
duced at 270 kv while the picture shows a 
flashover at 600 kv? All in all, a pretty 
sorry performance for a supposedly pro- 
fessional magazine 

Very truly yours, 


rT 


Ludwig F. Roehmann, M’37 


Dear Mr. Roehmann: 

The constant problem facing every 
writer and medium is the reconciliation 
of reader interest and attention versus 
absolute reliance upon technical parlance 
to communicate properly. This problem is 
intensified where there are severe space 
limitations, as in picture captions. In the 
case of the photo caption on page 1 of 
the June issue of Electrical Engineering, 
with which you take exception, we at- 
tempted to explain, in as few words as 
possible, just what was transpiring in an 
obviously dramatic illustration. Electrical 
Engineering also wanted its readers to 
fully appreciate the illustration used for 
its cover. We feel these intentions were 
realized. Incidentally, we've rechecked the 
caption language with engineering special- 
ists who reconfirm its accuracy. 

So, with tongue in cheeck, due apologies 
to the fine editorial staff of the magazine, 
and relying on your sense of humor, we've 
rewritten that caption in strictly technical 
parlance 

THE COVER: At the Sperry Gyro- 
scope Company, division of Sperry Rand 
Corporation, Electronic Tube Division, 
Great Neck, N.Y., 600 kv is immediately 
generated by a Marx Generator as soon as 
anv ionization occurs between cathode 
and collector in the klystron. This ionizes 
the air between the “crow-bar’ spheres, 
discharging a 270-kv condenser that is 
connected between the cathode and col- 
lector of the klystron to prevent damage 
to the klystron by discharging the energy 
in the 270-kv storage condensers through 
the crow-bar circuit to ground. 


Although it now contains many addi- 
tional words, it conveys only about a tenth 
the information originally contained in 
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the caption. It's a moot point whether 
there’s improvement. Oh well, it was just 
a caption. 

Sincerely, 

Ken Brigham 

Public Information Manager 

Sperry Gryoscope Company 


Historical Note 
To the Editor: 

In the June issue appear two histor- 
ical articles for which I, for one, am 
grateful, but the title of the Halacsy- 
Fuchs article “Transformer Invented 75 
Years Ago” seems misleading. As_ the 
authors make clear, the transformer as 
a device, comprising two separate wind- 
ings on a closed core, was devised by 
Michael Faraday some 130 years ago. 
What happened 75 years ago, after a long 
evolution interestingly portrayed by the 
authors, was the practical application of 
the transformer in an a-c system. 

Despite the recognition given by the 
authors of the earlier contributions to 
the voltage-transforming device, including 
the open-core induction coil, one misses 
mention of the Ruhmkorff coil which 
preceded the power application of the 
transformer. It was a striking develop- 
ment in its day, for which Ruhmkorft 
received the prize of 50,000 francs at the 
French exhibition of 1858. This open- 
core type of transformer with its inter- 
rupter was a basic driver in that long 
study of vacuum-tube discharges which 
yielded the discovery of cathode rays 
and in turn the electron, also in the 
evolution of the radio transmitter. Let 
not ye power people forget the weaker- 
current communication side of the 
art! 

In the same issue, one can sympathize 
with Philip Sporn’s view that the luster 
of engineering is being eclipsed by that 
of science in the public mind and in the 
minds of students. Yet, rather than being 
“cause for concern” should it not be 
cause for rejoicing? Is it not likely to 
instill into engineering more of the 
spirit of inquiry, and of the comprehen- 
sive view of man and matter, that char- 
acterize science? His own diagnosis be- 
speaks the need of a more comprehensive 
approach to engineering education. But, 
alas, youth is a doer, more than a thinker, 
and for the masses we can hope to 
accomplish only some of the ideals sought 
by Mr. Sporn. 

Sincerely, 
Lloyd Espenschied 


Women as Engineers 
To the Editor: 

The article on engineering manpower 
appearing in the May issue of Electrical 
Engineering points up a grave mistake 
in masculine thinking. Out of approxi- 
mately 3,850 words, about 60 words were 
devoted to women in engineering or 1.5%. 


Of Current Interest 


Out of 36 paragraphs, 3 sentences refer- 
red to women. The article admits that 
only 2% of the capable college-age men 
can be channeled into engineering, that 
this percentage cannot be changed 
measurably, due to intelligence barriers, 
and other limiting factors. The compari- 
son is drawn between our culture and 
that of Russia where 36% of the women 
enter science fields, of whom we may 
assume 14, or 9% become engineers 
(using the approach Mr. Ingram _fol- 
lowed for our assumption). 

Then the possibility of helping Amer- 
ican women attain engineering degrees 
is shelved completely in developing three 
methods of alleviating the manpower 
shortage, i. e., quantity, utilization, and 
quality, when already we have indicated 
that the quantity level of 2% is already 
at its maximum. 

While I agree with the development of 
the other programs, I wonder at the 
disregard for the obvious method of im- 
mediately increasing by a factor of 2, 
our quantity figure. Instead of trying to 
increase, by a fraction of a per cent, 
the men graduating as engineers, why 
not aim at doubling the basic quantity 
by encouraging women? You are influ- 
ential in the field. You should be the 
leaders in an effort to break the barriers 
for women. If you feel that it is worth 
while to improve quantity, quality, and 
utilization of male engineers, why then 
is it not also worth while to encourage by 
articles, speeches, and even working com- 
mittees, the encouragement and support 
of women in the engineering profession? 

Very Sincerely, 
Faith M. Lee 


To The Editor: 

Responding to Mrs. Lee’s letter pro- 
vides a welcome opportunity to get my- 
self on record with regard to my attitude 
toward women in engineering. That wo- 
men are capable of contributing to our 
society as engineers is amply demonstra- 
ted by those women who graduate from 
our engineering schools each year (145 
in 1960), by the example of the many 
successfully practicing women engineers, 
and by the existence of the very active 
professional organization, the Society of 
Women Engineers. The problem (and the 
pity) is that the numbers are so small. 
Mrs. Lee deplores this and so do I. 

Why did I not stress in my article, as 
Mrs. Lee thinks I should have done, the 
availability of a large reservoir of poten- 
tial engineering talent in the female 
sector of our population? The difficulties 
which exist to tapping it certainly have 
nothing to do with intelligence or apt- 
itude. I cannot agree with Mrs. Lee that 
there are any insurmountable or even 
serious barriers to women obtaining en- 
gineering training or finding engineering 
employment. Most of our engineering 
schools admit women students, and most 
employers nowadays are happy to find 
qualified women engineers. The problem 
is that women do not in the main as- 
pire to engineering careers. The real dif- 
ficulty is with the cultural pattern of 
our society. The reason that the Russians 
have women engineers and we do not 
is that the cultural pattern in Russia is 
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different from ours. In Russia women 
follow industrial careers while at the 
same time pursuing family and maternal 
careers. In Russia, women engage in many 
occupations which our society reserves, 
traditionally even if unwisely, for men. I 
am not arguing the virtues of the Rus 
sian cultural pattern versus ours; I am 
only saying that cultural patterns are very 
real. They cannot be ignored. They 
change only by violent revolution, as in 
Russia, or by slow evolution as I hope 
they will here. In the meantime, in trying 
to make a sober and realistic assessment 
of our engineering manpower problem 
and what we can do to solve it, I cannot 
agree that there is any immediate pros- 
pect of increasing our additions to the 
engineering segment of our labor force 


NEW BOOKS 


The following new books are among those 
recently received at the Engineering Societies 
Library. Unless otherwise specified, books listed 
have been presented by the publishers. The 


THE DESIGN OF SMALL DIRECT-CUR- 
RENT MOTORS. By A. F. Puchstein. John 
Wiley and Sons, Inc., 440 Fourth Ave., New 
York 16, N. Y., 1961. 407 pages, 64% by 9% 
inches, bound. $12. This book is a com- 
pendium of methods for solving the problems 
involved in the calculation and design of d-« 
machines. Methods are given both for those 
cases in which mechanical parts are available 
and for those in which no mechanical parts 
are available. In every instance, presentation of 
a method includes precise instructions, alter- 
nate procedures, numerical examples, and ex- 
act results. Emphasis throughout the book is 
on the electromagnetic aspects of design prob- 
lems. 


ELECTRICAL ENGINEERING. By 5S. B. 
Hammond. McGraw-Hill Book Co., Inc., 330 
West 42nd St., New York 36, N. Y., 1961. 566 
pages, 7 by 9% inches, bound. $8.75. Intended 
for the engineer whose special field of interest 
lies outside electrical engineering, this work 
provides a basic approach to the study of elec- 
tric circuits. It discusses the characteristics of 
voltages and currents, electric networks, non- 
linear resistive circuits, electron physics, elec- 
tronic devices, linear and nonlinear operation, 
feedback circuits, analog and digital comput- 
ers, magnetic fields and circuits, generation of 
voltages, and automatic control systems. 


ADAPTIVE CONTROL PROCESSES 

GUIDED TOUR. By Richard Bellman. Prince- 
ton University Press, Princeton, N. J., 1961. 
255 pages, 64% by 9/ inches, bound. $6.50. A 
unified approach to control theory is presented, 
and a technique is provided for making prob- 
lems involving deterministic, stochastic, and 
adaptive processes of both linear and nonlinear 
type amenable to machine solution. Specifically, 
the theory of dynamic programming is used to 
formulate, analyze, and prepare these processes 
for numerical treatment by digital computers. 


REFERENCE ELECTRODES. Edited by 
D. J. G. Ives and G. J. Janz. Academic Press, 
lll Fifth Ave., New York, N. Y., 1961. 651 
pages, 64% by 9% inches, bound. $20. This 
work provides a critical and selective compila- 
tion of information about the reference elec- 
trodes which are widely used in many branches 
of pure and applied electrochemistry. Among 
the electrodes described are the hydrogen 
electrodes, electrodes reversible to halide ions, 
the glass electrode, the quinhydrone electrode, 
and the metal—metal oxide electrodes. Also de- 
scribed are electrodes reversible to sulfate ions, 
membrane electrodes, reference electrodes in 
monaqueous solutions, and electrodes in fused 
salt systems. Emphasis is placed on applica- 
tions in which accuracy of measurement is 
of prime importance. 
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from the female sector of our population 
by a factor of 2, or anything like it. 

I believe that it is justifiable criticism 
of my article that in spite of these dif- 
ficulties I did not include in the program 
something about encouraging more wo- 
men to enter the profession. I am _ not 
sure whose responsibility it is to do 
something about it; government, indus- 
try, educational institutions, or the en- 
Actually, I am 
afraid I believe that the ones who can 


gineering profession. 


really do the most about it are the wo- 
men themselves. I for one hope they do 
and that we all help them wherever we 
can. 
Very truly yours, 
S. B. Ingram 


Institute assumes no responsibility for state- 
ments made in the following summaries, infor- 
mation for which is taken from the prefaces 
of the books in question. 


ELECTRICAL THEORY ON THE GIORGI 
SYSTEM. By P. Cornelius. Dover Publications, 
Inc., 180 Varick St., New York 14, N. Y., 1961. 
1961 pages, 534 by 8% inches, bound. $6.00 
Electrical theory is presented from a point of 
view expounded by Giorgi. The Giorgi (MKSA) 
system permits properties of electrical and 
magnetic fields to be expressed quantitatively 
in terms of the ampere and volt as units of 
current and potential. Throughout this work 
the author lays stress on the use of concepts 
based on electric and magnetic fields, derived 
from the concepts of current and potential 
difference Thus, manipulation with field 
quantities offers few difficulties. 


CYBERNETICS. By Norbert Wiener. John 
Wiley & Sons, Inc., 440 Fourth Ave., New York 
16, N. Y., Second Edition, 1961. 221 pages, 
64% by 9% inches, bound, $6.50. This work 
deals with the application of statistical me- 
chanics methods to communications engineer- 
ing, with subject matter ranging from such 
control mechanisms as mathematical calculators 
to the nerves and brain of the human body. 
This edition has been completely re-edited, 
and contains two new chapters by Dr. Wiener 
on learning and self-reproducing machines and 
on brain waves and self-organizing systems. 


POWER FROM WATER. By T. A. L. Paton 
and J. G. Brown. Leonard Hill (Books), Ltd., 
London, England, 1960. 210 pages, 5% by 8% 
inches, bound. 25s. The development of hydro- 
electric power in Great Britain is traced from 
its beginnings to the current large installa- 
tions. The recent technical advances in meth- 
ods and machines for hydroelectric production 
are outlined, and the economics of hydro- 
electric power in relation to other basic sources 
of electric energy is discussed. The prospects 
for its future application and further devel- 
opment close the book. 


ELECTRONIC DRAFTING HANDBOOK. By 
N. M. Raskhodoff. Macmillan Company, 60 
Fifth Ave., New York, N. Y., 1961. 402 pages, 
64% by 9% inches, bound. $15. The prin- 
ciples and practices of electronic drafting are 
presented in this work which covers schematics, 
wiring diagrams, working installation draw- 
ings of electronics and communication systems 
and equipment, tube-base diagrams, and out- 
line drawings. A number of finished sample 
drawings are given. Typical drafting-room 
practices and checking procedures for mechan- 
ical and circuit drawings are also described. 
A useful feature is the extensive reference 
section consisting of tables, drawings, and 
specifications. 
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ELECTRONIC PACKAGING WITH RESINS. 
By C. A. Harper. McGraw-Hill Book Co., Inc., 
330 W. 42nd St., New York 36, N. Y., 1961. 
339 pages, 644 by 9% inches, bound. $11. 
The materials, methods, and techniques em- 
ployed in the casting, potting, impregnation, 
and encapsulation of electrical and electronic 
components and systems are presented. Among 
the materials covered are polvesters, silicones, 
epoxies, urethanes, and polysulfides. Important 
modifiers such as fillers and diluents are also 
considered Tools and fixtures, processing 
equipment, and manufacturing controls con- 
clude the book. The contents are presented in 
a way that they should be readily compre- 
hensible by readers having nonchemical back- 
grounds 


ENGINEERING DATA FOR PRODUCT DE- 
SIGN. Edited by D. C. Greenwood. McGraw- 
Hill Book Co., Ine ) W. 42nd St., New 
York 36, N. Y., 1961. 430 pages, 842 by 114% 
inches, bound. $10. Practical information in 
the form of charts, tables, formulas, and facts 
is presented in this work, which is based on the 
Reference Book Sheets originally published in 
“Product Engineering The material is pre 
sented in twelve sections dealing with genera! 
engineering; metals and alloys; non-metallic 
materials and finishes; components and general 
design analysis; beams, torque, and moment of 
inertia; bearings and shafts; gears; springs and 
vibration; mechanical control; fastening and 
joining; electricity and electronics; and hy- 
draulics and pneumatics 


HANDBOOK OF INSTRUMENTATION 
AND CONTROLS. Edited by H. P. Kallen 
McGraw-Hill Book Co., Inc., 330 W. 42nd 
St., New York 36, N. Y., 1961. Various pagings, 
644 by 9% inches, bound. $15. Data is pre- 
sented to assist in selecting and effectively ap- 
plying instruments and control systems for 
mechanical services in commercial, institu- 
tional, and industrial buildings. After a study 
of fundamentals, the reader is provided with 
both qualitative and quantitative data on pres 
sure, temperature, flow liquid level, pH, and 
conductivity. These are then tied together in a 
detailed discussion of systems for boiler and 
power plants, heating plants, mechanical drives, 
air-conditioning ventilation, and refrigeration. 
Many control systems are completely illustrated 
to demonstrate modern practice. 





Library Services 


ENGINEERING Societies Library books, 
except bibliographies, handbooks, and 
other reference publications, may be bor 
rowed by mail by AIEE members for a 
small handling charge. The Library also 
prepares bibliographies, maintains search 
and translation services, and can supply 
a photoprint or a microfilm copy of any 
item in its collection. Address inquiries 
to R. H. Phelps, Director, Engineering 
Societies Library, UEC, 345 East 47 
Street, New York 17, N. Y. 











NUCLEAR PULSE SPECTROMETRY. By 
R. L. Chase. McGraw-Hill Book Co., Inc., 330 
W. 42nd St., New York 16, N. Y., 1961. 
221 pages, 64 by 9% inches, bound. $8.50 
The electronic techniques and physical princi- 
ples related to the problems of cataloging the 
electrical signals from nuclear radiation detec- 
tors are described. The range of material cov- 
ered includes nuclear radiation detectors, pulse 
amplifiers, pulse height and time distribution 
analyzers, coincidence systems, factors affect- 
ing design of linear pulse amplifiers, analyzer 
linearity and stability, analog-to-digital con- 
version schemes, data-storage systems, photo- 
graphic recording of pulse data, and multi- 
dimensional spectrometers. The text is directed 
at a qualitative appreciation of the problems 
met in nuclear spectrometry, and mathematical 
expressions are used only to establish those 
relationships not easily arrived at by quali- 
tative discussion alone. 


737 





INTRODUCTORY SYSTEM ANALYSIS. By 
W. A. Lynch and J. G. Truxal. McGraw-Hill 
Book Co., Inc., 330 W. 42nd St., New York 36, 
N. Y., 1961. 445 pages, 6% by 9% inches 
bound. $7.50. The basic analysis techniques 
common to the areas of analog simulation, 
electronic instrumentation communications, 
automatic control digital computation, electric 
machinery, and electric power generation and 
distribution are discussed Unusual topics 
treated in the text include analog computers 
complex-frequency techniques and the essential 
results of the Laplace transform, signal analy 
sis, mechanical and other networks, and signal 
jow graphs. The text is marked by an un- 
usually broad approach to the subject of elec- 
trical engineerin 


INTRODUCTION TO NUCLEAR ENGI- 
NEERING. By R. I Murray. Prentice-Hall 
Inc En wood liffs, N. J., Second Edition, 
1961. 3 | s, 6 bv 914 inches, bound. $12 
This i s resentation of the physics of 
neutrons ind adioactivity, and how 
they apply in th en, construction, testing, 


and operation « juipment emploving nuclear 


fission processes and materials This edition 
provides extended treatment of particle ac 
celerators, fuel production and consumption 
fuel costs, properties of new materials, shield- 
uualysis, reactor experiments isotope uses 
conversion n propulsion of space ve 

and rermonuclear devices. A new se- 


quential 1 or ce n has been developed. 


TENSOR ANALYSIS OF ELECTRIC CIR- 
CUITS AND MACHINES. By L..\ sewlev. 
Ihe Ronald s Co 15 E. 26th St., New 
York If N 961 309 pages, 6% by 91% 
inches, bounc 2 Ihe essential principles 
and appl t matrix-tensor methods 
of alvys f lectr rcuits and machines, 
by Gabriel Kron, are 

ntended to provide a 

of developments in this 

in introduction to the 

vethods in electrical engi- 

ed into two parts, the first 

tensors, and circuits, and the 


chine analysis 


AN INTRODUCTION TO THE THEORY 
TRANSISTORS. By 
F. F. Roberts. John Wiley 
Fourth Ave New York 16 


+ bv 8% inches, 


AND PRACTICE OF 


| 


Inc 140 
! d The first part of this text presents 
the basic physical theory of semiconductors 
and trans An analysis of a practical three- 
dime " 1odel of a transistor gives a real 
istic accour f its properties. The second part 
covers the " tion of monocrystals of ger- 
manium 1 of controlled purity, and 
outlines t ques used to produce junc 
tion devices. | properties of transistors and 
diodes are described, and many of the basic 
circuits in whict y are used are surveyed. 


ITERATIVE ARRAYS OF LOGICAL CIR- 
CUITS. By F. ¢ Hennie, II. John Wiley 
Sons, Inc., 440 Fourth Ave New York 16, 
_ e 1961. 242 pages, 64% by 9% inches, 
bound. $4.95. The properties of the various 
classes of iterative systems and the various 
tests that are available for answering simple 
questions about them are developed in a logi- 
cal fashion. It is shown that there are no gen 
eral procedures for answering most of the basic 
questions about iterative networks. The tech 
niques that are presently used for designing 
and simplifying sequential switching circuits 
are then extended to various types of iterative 
networks 


NUCLEAR ENGINEERING. By Gilbert Cahen 
and Pierre Treille. Allyn and Bacon, Inc., 150 
Tremont St., Boston, Mass., 1961. 394 pages, 
62 by 9 inches, bound. $8.50. This translation 
of a French work provides a broad coverage of 
nuclear engineering. Beginning with the phys- 
ics underlying nuclear engineering, it con- 
tinues with nuclear reactor theory, nuclear 
reactor materials, and a description of French, 
British, and Soviet reactors. It concludes with 
an examination of the hazards as well as the 
beneficial uses of radiation. Conversion tables, 
nuclear data tables, and many charts and 
graphs are included 


THE INTERNATIONAL DICTIONARY OF 
PHYSICS AND ELECTRONICS, D. Van Nos- 
trand Co., Inc., 120 Alexander St., Princeton, 
N. J., Second Edition, 1961. 1355 pages, 72 by 
10% inches, bound. $27.85. An enlarged and 
revised edition of a standard work that now 
includes recent developments in such areas as 
thermonuclear research and magnetohydrody- 
namics, nuclear physics, atstrophysics, and elec- 
tronics. The terms defined include laws, rela- 
tionships, equations, basic principles and con- 
cepts, as well as the most widely used instru 
ments, apparatus, and their components. An 
attempt has been made to remove redundant 
entries and to make entries easier to locate by 
the choice of initial words that are likely to 
be the ones that occur to the user. An im- 
portant addition is a multilingual index in 
French, German, Spanish and Russian 


MAGNETIC CONTROL OF INDUSTRIAL 
MOTORS, PARTS I & 2. By G. W. Heumann. 
John Wiley & Sons, Inc 440 Fourth Ave., 
New York 16, N. Y., 1961. 2 volumes, 6 by 9% 
inches, bound. $18. Industrial type a-c and d-c 
motors are carefully analyzed in conjunction 
with their associated controllers. Motor per- 
formance data for the a-c squirrel-cage, wound 
rotor, and synchronous motors are presented, 
as well as data on d-c series and shunt motors. 
Principal circuits, selection of controller sizes 
and components, economic factors affecting 
controller selection, motor protection, and ex- 
isting safety codes and standards are given 
complete coverage. 


TECHNICAL LITERATURE 


The following recently issued technical litera- 

may be of interes? to readers of Electrical 

rineering. All inquiries should be addressed 
the issuers. 


STREET LIGHTING AND ACCIDENTS. 
Prepared by the International Commission on 
Illumination, publication no. 8 is a_ report 
summarizing a study on the influence of street 
and highway lighting on the number of traffic 
accidents. Printed in French, English, and Ger- 
man, it contains 28 pages within stiff covers It 
may be obtained from M. Jean J. Chappet, 
Commission Internationale de | Eclairage, Bu- 
reau Central, 57 rue Cavier, Paris 5°, France, 


for $2 


RECOMMENDED LEVELS OF ILLUMI- 
NATION. A section of the official Lighting 
Handbook of the Hluminating Engineering So- 
cietv, showing the minimum recommended 
levels of illumination for every task, has been 
newly reprinted and made available to manu- 
facturers and electric utilities. The booklet re- 
places all previous publications on this subject. 
The 16-page reprint may be obtained at 20¢ a 
copy from the I. E. S., 1860 Broadway, New 
York 23, N. Y¥ 


NATIONAL FIRE PROTECTION ASSO- 
CIATION. Two publications concerned with 
the electrical and electronic industries are now 
available. Electronic Computer Systems gives 
tentative recommendations for controlling fire 
problems in the installation and operation of 
these systems, and is printed to be available for 
review by manufacturers, users, and others 
concerned with electronic computers. NFPA 
no. 75-T, 50¢. Proposed Amendments to the 
1959 National Electrical Code includes changes 
which would affect many kinds of commercial, 
industrial, and domestic installations. Among 
the projected amendments are clarification of 
the 6-foot rule in dwelling receptacle spacing, 
and new definitions of stationary and fixed ap- 
pliances, as opposed to portable appliances. 
The revisions are being reviewed in prepara- 
tion for the 1962 edition of the Code. NFPA 
no. 70 PR-1961, $2.50. These publications may 
be ordered by number from the National Fire 
Protection Assn., 60 Batterymarch St., Boston 
10, Mass. 


AMERICAN STANDARDS ASSOCIATION. 
Iwo new standards of interest to the electrical 
field have been published by the ASA. 
American Standard Nomenclature for Glass 
Bulbs Intended for Use With Electron Tubes 


Of Current Interest 


and Electric Lamps, C79.1—1961, specifies the 
use of the third letter symbol covering changes 
in anode connectors over an existing designated 
bulb. It immediately follows the second num- 
ber symbol which covers characteristics below 
the CD line, and will be assigned in alphabeti- 
cal order, beginning with the letter ** $i. 
American Standard Specifications for Multiple 
V-Belt Drives, B55.1—1961 comprises five V- 
belt cross sections and sheave groove sizes. It 
provides dimensions and recommended installa- 
tion procedures for integral-horsepower V-belt 
drives used primarily for power transmission in 
industrial applications. Tables are provided for 
suggested service, length correction and other 
factors. $2. Copies of the standards should be 
ordered by number from the American Stand- 
ards Association, Dept. P 244, 10 E. 40 St., 
New York 16, N. ¥ 





CHANGE OF ADDRESS 


All communications to AIEE and to Elec- 
trical Engineering should be addressed to 
our new quarters at 

345 East 47 Street 

New York 17, N.Y. 











OTS REPORTS. The following publications 
have been made available to the public by the 
Office of Technical Services. 4 New Electro 
chemical System for High-Voltage Low-Current 
Drain Applications, by W. J. Pauli. Tiny 6 
volt batteries, developed to charge capacitors, 
and retain their power at 65 F after shelf 
storage of more than a month at +125 F, are 
described. Order no. PB 171 582, 19 pages, 75¢ 
Ceramic Tubes Developed for External Heat 
Sources, by John F. Richter. This describes 
a metal-ceramic tube of planar design, heated 
externally by a radioisotope, which has passed 
proof-of-principle tests and warrants further 
development. Order no. PB 171 492, 37 pages, 
$1.25. Design Analysis of a Prepackaged Nu- 
clear Power Plant for an Ice Cap Location. 
Design and operational requirements of a pre- 
packaged nuclear power plant for use in tun- 
nels beneath frozen ice caps are summarized in 
this analysis recently made public by the 
Atomic Energy Commission. Order no. APAE 
39, 459 pages, $5.50. Peltier Heat Pumps— 
Application Parameters and Device Possibili- 
ties, by H. F. Gibson. The design theory of 
Peltier heat pumps and their possible applica- 
tion in ordnance electronics are discussed. Or- 
der no. PB 171 559, 11 pages, 50¢. The Dy- 
namic Compressi bility of Solids from Single 
Experiments Using Light Reflection Tech- 
niques, by N. L. Coleburn. A technique de- 
veloped by the Navy to determine in a single 
experiment the dynamic compressibility of 
solid over a large pressure range is described. 
Order no. PB 171 686, 53 pages, $1. Radioac- 
tive Control and Regulation Methods of In 
dustrial Processes, N. N. Shumilovskii (editor). 
This translation of 26 papers by Soviet sci- 
entists shows how the Soviet countries are 
moving forward in perfecting radioactive con- 
trols and regulation of industrial production. 
Order no. AEC-tr-4139, 310 pages, $4. An In- 
vestigation of the Hygienic Characteristics of 
Ultrasonic Waves in Industry. This wanslation 
of an article from a USSR medical journal 
concludes that workers exposed to ultrasonic 
waves and intense high-frequency noises show 
marked physiological reactions, including a 
tendency toward hypertension. Order no. 61- 
31468, 50¢. Foreign Developments in Machine 
Translation and Information. This translation 
of a Soviet report on the problems of scien- 
tific communication shows that a Soviet scien- 
tist may spend half the working day reading 
in his field, and gives results of a study made 
in an effort to develop more efficient process- 
ing of scientific material. Order no. 61-31465, 
48 pages, $1.50. Manual of Semiconductor Trt- 
odes and Diodes. This is an English transla- 
tion of a Soviet electronics handbook contain- 
ing general and detailed data on_ transistors 
and semiconductor diodes. Order no. 61-31116, 
450 pages, $6. Introduction to Quantum Elec- 
trodynamics, by A. A. Sokolov. Physical bases 
of quantum electrodynamics and ‘‘computa- 
tional methods” of this theory are discussed 
in a translation of a 2-volume work by a 
Soviet scientist. Order no. AEC-tr-4322, 558 
pages, $6.50. These publications may be or- 
dered from the Office of Technical Services, 
United States Department of Commerce, Wash- 
ington 25, D. C. 
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GIVES YOU DOWN-TO-EARTH RESULTS 


SPACE—the Bendix G-20 Automatic Programming ‘‘package’’—sets new standards for 
ease of use, power and efficiency. Designed in concert with the G-20 computer system, 
SPACE is complemented by numerous advanced equipment features. Here are the auto- 





matic programming methods which form an integral part of SPACE... and Bendix G-20 
systems, large or small: 


SPAR —Symbolic Assembly Programming. Allows the programmer to maintain direct 
Introduction to tI control over all G-20 operations. Provides the efficiency of machine language program- 
ming without the complexities. 


Programming Systema 


ALCOM —an Algebraic Compiler based on the international notation of ALGOL. Easy- 
to-use ALCOM permits the statement of scientific problems in natural mathematical 
language... simplifies and speeds problem solving. 


COBOL —Common Business Oriented Language permits statement of data processing 
problems in natural business language for high-speed computer solution... makes flex- 
fhe) {-mUk1-Me) mt-1 10) at-]e]-) ¢lomme|-1ol]aat-1 mr- Lele Mi) 9\-1e1f-] Moi at-1 ¢-1e1(-) ae 


EXECUTIVE —provides automatic program scheduling and component assignment 
... permits maximum-efficiency in parallel processing and utilization of components 


See for yourself how SPACE...combined with outstanding equipment capabilities... 
has put the G-20 in a class by itself. Investigate today. For your copy of ‘‘Introduction to 
G-20 Programming Systems,”’ write, wire or call: 


Condi” Bendix Computer Division 


CORPORATION 
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Above is a partial view of the Ravenswood Substation showing structures for bus supports, lightning arresters, coupling capacitors 
some of the switches in place on the aluminum stands. In all, and wave traps, cable potheads, and potential transformers. 


there are 54 disconnect switch structures as well as a variety of 


The photograph at left shows the special sling 
used to lift the switch package into position on 
the leg sections. The columns for a typical stand 
were installed in approximately 10 minutes; in- 
sulators were installed in a little over an hour, 
and the switch lifted and bolted into position in 
less than 15 minutes. 


Preassembled welded aluminum switch 
structure as it arrived from the factory. 
Switch bases are integral with frame. 
Grounding switches and their interphase 
rods were also factory installed in many 
cases. 





FAVENSWOOD GOING UP... 


A NEW CONCEPT 
IN SUBSTATION DESIGN AND CONSTRUCTION 


Ravenswood transmission substation which serves Con 
Edison’s big new generating plant along the East River in 
Long Island City, New York, is going up smoothly and 
quickly. One of the major factors contributing to the 
speed and ease of its erection is a bold new concept in 
substation design and construction: factory preassembly 
of switch structures. 

The original idea for these packaged structures came 
about as a need voiced by Con Edison’s engineers. Work- 
ing with them on the project, Southern States’ Structural 
Engineering Department conceived a practical design per- 
mitting much assembly work normally accomplished in 
the field to be done at the factory. 


Ravenswood, the world’s largest aluminum transmis- 
sion substation, was the first practical application for this 
concept. When construction started, these compact, easily 
handled units were in the field ready for installation. They 
consisted of completely assembled welded aluminum 
frames with integral switch bases, interphase rods, and 
components of the switch mounted in position. By simply 
removing the switch live parts and reassembling with in- 
sulators, the packaged structures, with switches already 
adjusted, were ready for installation. In addition, factory 
fabricated aluminum stands further reduced the number 


of hours required to get a switch installed. 


Some of the advantages of this approach are readily 
apparent. Contrast the handling required for these factory 


assembled switch structures to the conventional method of 
shipping all pole units separately. Further, in usual prac- 
tice, all interphase rods, clevises, adjustable arms, ground- 
ing shunts, and numerous nuts and bolts are unassembled 
when they arrive at the job site. As construction engineers 
will confirm, a lot of valuable time is spent sorting and 
preparing such switches for mounting. And once the 
switches are in place on their stands, interphase rods have 
to be installed and the switch completely adjusted for, 
proper opening and closing. (The packaged units require 
only a minor adjustment of tilting rings after the switch 
is installed. ) 

According to Con Edison, savings at Ravenswood are 
significant. 

Although the use of aluminum structures and aluminum 
stands as employed on this station may not be practical in 
some areas and for some utilities, the principle involved 
may represent a real breakthrough in substation construc- 
tion. For example, the basic idea could be easily applied 
with factory assembled, bolted steel sections for mounting 
on any type of stand whether aluminum, steel column, or 
conventional structure. 

With labor costs skyrocketing, serious consideration 
should be given to the practicability of factory preassem- 
bly of switch structures for your next substation. 

Why not discuss this new idea with your Southern 
States representative or contact us direct for additional 
information? 
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ENGINEERING SOCIETIES 
PERSONNEL SERVICE, INC. 


Chicago 
West 40th St. 29 


These items are listings of the Engineering 
ice, which cooperates with the national so- 


to all 
non-members, 


you may 
to the 


A weekly bulletin of engineering positions open is available at a subscription 
rate of $4.60 per quarter or $14 per annum, payable in advance. 


(Agency) 


San Francisco 


East Madison St. 57 Post S 


the understanding thai should you secure 
© position as a result of these listings you 
will pay the regular placement fee. Upon 
receipt of your application a copy of our 
placement fee agreement, which you agree 
to sign and return immediately, will be 
mailed to you by our office. In sending ap- 
plications be sure to list the key and job 
number. 

When making application for a position 
include eight cents in stamps for forward- 
ing application 
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MEN AVAILABLE 


NUCLEAR ENGINEER, 
Science, (30 credit hours in 

experienced as an elec 
master mechanic in 
—South America—12 
Electrical Engineer in systems 
plant design—1l0 years. 
Reactor Control—Two 
$8-$10,000. Location: 
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New York City 
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DESIGN ENGINEER, B.S.E.E., 
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supervision, main- 
\ $9600 a 


Southeast 


ELECTRICAI 
re $4. Eight years in: Lat 


lighting 


and powe systems, 
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supervision 
Southwest, 


circuit design 


schedu and 


Location South 


ELEC 
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Experience in 


ENGINEER, POWER, 


control 


B.S.E.E., 
relay panel 
setting and application, 
Registered PE 
Preferably Midwest. 


and 


desig! protective relay 


automatic oscillograph analysis 
$7400 1 year 


E-2243—Chica 


Location 


MANAGER, ELEC 
M.B.A., age 38 


ing six 


rRIC UTILITY, BS.E.E., 
12 vears electrical work, includ- 
administrative positions, 
1500 meter utility (gen 
bution). $9000 a year minimum 
West. E-2244—Chicago 


years responsible 


three years manager of 
eration and distr 


Location: Midwest or 


ELECTRICAL ENGINEER, B.S.E.E., Reg. In 
diana and Michigan, age 33. Ten years design, 
production engineering and development testing 
ignition systems, DC motors and gen 
turbines. $10,000 a year. Loca- 
preferred. E-2245—Chicago. 


on engine 
erators and gas 
tion Midwest 


S0A 


Pleuse mention ELECTRIC. 


SALES ENGINEER, B.S.E.E., age 43. Sales en- 
gineer with customer oriented attitude seeks op- 
portunity with manufacturer wanting Chicago 
representation. Primary interest, electro-mechani- 
cal products. Wide experiences, sales, service, ap- 
plication of high & low voltage electrical control, 
heat treating and brazing. Salary plus commis- 
sion. E-2246—Chicago 


COMMUNICATION ENGINEER, B.S.E.E., age 
27. Experienced in all phases of plant department 
of a telephone utility in outside plant, central 
offices, engineering group and on_ subscriber 
premises. Worked as a liaison engineer for the 
Ordnance Corporation in the guidance central 
position for guided missile system. $8000 a year. 
Location: Chicago. E-2247—Chicago 


ADMINISTRATIVE ENGINEER OR PROJECT 
MANAGER, electrical engineer and business ad- 
ministration, 63. 25 years in responsible charge 
A.E. organizations and construction manage- 
ment large R & D projects, power and industrial 
plants, hospitals, commercial buildings want in- 
teresting affiliation with consultant, A.E. organi- 
zation or manufacturing. $12-$20,000. Location: 
U.S.A. E-2248—Chicago 


San Francisco Office 

DESIGN, DEVELOP-ELECTRONICS, ELEC- 
TRO MECHANICAL: age 34, ME, ASME. Pre- 
fer San Francisco Bay Area. Home: California 
$1,000. Eleven years varied design and develop- 
ment and development of electro-mechanical 
components and products including manufac- 
turing experience (plant facilities, production). 
Se-1691 


ELECTRICAL ENGINEER-INDUSTRY: age 
39, EE, AIEE. Prefer West United States or for- 
eign. Home: Texas. $650. Experience in power 
and distribution facilities, project engineer, re- 
lay applications, control circuits and control 
boards, economic studies of proposed projects. 
Twelve years broad experience in power field. 
Se-1322 


TRAINEE-ELECTRONICS: age 26, Electronics. 
Prefer any location. Home: Oklahoma. $475. 
Recent graduate desiring electronics engineering, 
servo mechanisms, research and _ laboratory. 
Se-898 


PLANT ENGINEER-INDUSTRY: age 37, EE. 
Prefer California area location. Home: Washing- 
ton. $1,000. Eight years experience field engineer 
for major electrical equipment, installation, op- 
eration, repair all types major electrical equip 
ment. Five years supervise of field engineers. 
Se-827 


ELECTRICAL 
ING, 


DRAFTSMAN-MANUFACTUR- 
CONSULTANT: age 28, electrical back- 


{lL ENGINEERING when writing to advertisers 


ground. Prefer San Francisco Area. Home: Cali- 
fornia. $570-$700. Over six years experience as 
an electro mechanical draftsman automatic cross 
bar telephone exchanges, electrical controls and 
switchboard circuits and shop drawings. Se-1043 


DRAFTSMAN-ELECTRICAL: age 21, two years 
college engineering. Prefer San Francisco Bay 
Area. Home: Calitornia. $400. Extensive home 
experience in electrical drawing and construc- 
tion ot electrical tools and communication sys- 
tems. Se-1184 


ELECTRICAL ENGINEER-HEAVY ELECTRI- 
CAL CONSTRUCTION: age 43, EE, AIEE. Pre- 
fer any location. Home: Washington, $1400. Ex 
perienced in organizing office, setting procedures 
and standards, scheduling and detailing con- 
Struction drawings, equipment and material 
specifications, supervising construction including 
high voltage transmission lines, testing apparatus 
and controls and starting up. Se-507 


ELECTRICAL ENGINEER: age 24, MS EE. 
Preter San Francisco Bay Area. Home: Califor- 
nia. $500-$600. Recent graduate with work be- 
yond Masters Degree in Electrical Engineering. 
Se-522 


SALES ENGINEER-ELECTRICAL, MECHANI- 
CAL: age 27, electrical background. Prefer San 
Francisco Bay Area. Home: California. $600 up. 
Over two years sales experience with good sales 
record to industrials, contractors, engineers and 
electrical distributors, selling electrical wire, 
cable, cranes and hoisting machinery, materials, 
handling equipment. Se-128 


PRODUCTION PLANNING, 
ELECTRONICS 


INDUSTRIAL- 
age 29, industrial management 
background. Prefer San Francisco Bay Area. 
Home: California. $500. Broad experience in 
production scheduling, methods improvement 
studies, all phases o: production control and 
liaison between administration and engineer in 
computors and reiated. Se-276 


SALES MANAGER-ELECTRONICS: age 32, EE, 
Bus. Admin. Prefer any location. Home: Michi- 
gan. Five years sales experience including prod 
uct planning, market research, advertising, mar- 
ket administration, market studies, competition 
analysis, budget analysis in generators, diesel 
engines, jet engines, electronics. Se-416 


RESEARCH, 
ELECTRONICS: age 25, 
San Francisco Area. Home: California $525. Re- 
cent graduate. Se-248 


DEVELOPMENT, DESIGN- 
25, EE, MS Math. Prefer 


MARKETING MANAGER-ELECTRONICS, 
POWER: age 32, EE. Prefer any location. Home: 
Michigan. Five years experience as director of 
sales, product planning, market research, de- 
signer in power equipment, electronics, Se-608 


POSITIONS AVAILABLE 
New York Office 


INSTRUMENT ENGINEER, B.S. in chemical 
or electrical engineering for position in Re- 
search and Engineering Department. Experience 
in application of instruments in petroleum or 
chemical plants required, preferably five to ten 
years. East. W618(a). 


EDITOR, mechanical or electrical, trade pub- 
lication, to plan, develop and produce editorial 
material in the field of energy systems engineer 
ing. Experience in steam generation and/or in- 
strumentation and control preferred. Some 
travel. $10,000 a year. New York City. W608. 


RESEARCH AND DEVELOPMENT ENGI- 
NEER, graduate mechanical or electrical, with 
5 to 8 years’ experience in product engineering 
and also experience in preparing technical re- 
ports, brochures and proposals. Position in- 
volves research and development of a mesh 
contact to be used in relays, switches, choppers 
and computers. Will also be responsible for 
working with customer and do a_ considerable 
amount of sales engineering. $9-$12,000 a year. 
New Jersey. W607. 


ELECTRICAL ENGINEERING 





CONTRACT ADMINISTRATORS with a 
minimum of five years’ experience in electronic 
industry. Familiarity with government regula- 
tions and proposals. Must be capable of com- 
plete administration of military contracts. Law 
degree or technical background preferred. To 
$13,100 a year. Lower Conn. W602 


ENGINEERS. (a) Production Manager, gradu- 
ate electrical, with a minimum of five years en 
gineering experience supervising production de- 
partment of medium size electronic company en 
gaged in subsystems equipment. Knowledge of 
Digital printed circuit boards required, and 
metal work techniques helpful. To $18,000 a 
year. (b) Standards Engineer, graduate electrical, 
qualified to set up standard components section 
Experienced in compiling a ‘Standard Compo- 
nents Manual” as a guide for R & D engineers 
in the design of new equipment and to help 
write components specifications, To $13,500 a 
year. Lower Conn. W601 


ENGINEERS. (a) 
advanced 


Engineering Section Heads, 
E.E. degree and minimum of two to 
five years experience in supervising engineers 
and technicians. Heavy digital circuitry with 
computer application and magnetic core experi- 
ence. To $20,000. (b) Physical Design Section 
Head, graduate electrical, with ten to 20 years 
heavy experience supervising and organizing 
company activities in mechanical design (elec- 
tronic packaging), drafting, printed circuit de 
sign, standards, release procedures, drawing con 
trol, etc. To $18,000 a year. (c) Electronic En- 
gineers, graduate electrical, with two to ten 
years experience in circuit design for transistors 
and/or computer type circuits; design and test- 
ing of military equipment. To $14,500 a year. 
Lower Conn. W600. 


ENGINEERS. (a) Senior Engineer, graduate 
electrical, with five to ten vears’ design and con 
struction experience in all phases of industrial 
power control and lighting. P.E. license pre- 
ferred. Must have experience in 12 to 14 KV 
range. Will handle complete electricals for air 
separation and chemical plants including sched 
uling, specifying, requisitioning, designing, co- 
ordinating and inspecting. To $10,200 a vear 
(b) Senior Engineer, with seven to ten years 
experience as mechanical or project engineer in 
the design and construction of cryogenic, chemi- 
cal or petrochemical plants. Will be responsible 
for all design procurement, construction and 
Start-up of a single project. To $10,800 a year 
Periodic field trips on both Central 
N.]J. W579. 


positions, 


DIRECTOR OF SYSTEMS ENGINEERING, 
graduate electrical or mechanical engineer, with 
a minimum of 12 years experience, six of which 
should have been a supervisory level. Duties and 
responsibilities will embrace all activities relat- 
ing to the proposals and installation of com- 
munication systems. Will confer with industrial, 
educational and government communication svs 
tems. Will confer with industrial, education and 
government communications systems salesman 
review estimates of cost and preliminarv time 
schedule for engineering work and _ installation; 
maintain liaison with customers on matters of 
design, costs, schedules, revisions and other mat- 
ters. $12-$15,000 a year. New York City. W564 


ESTIMATOR, electrical graduate, for electrical 
contractor, with five years experience in public 
and private wiring, light and power. Salary open. 
Brooklyn, N. Y. W561. 


GENERAL MANAGER, graduate electrical or 
mechanical, with at least ten years managerial, 
production and engineering experience in wire 
and cable for electric power use. $20-$25,000. 
New England. W550. 


DEVELOPMENT ENGINEERS, 
graduate mechanical or electrical, or physicist, 
to design and develop a new line of high 
power R-F, microwave and pulse components for 
the electronic industry. Experience in the design 
of terminations, attenuators, directional couplers 
and isolators highly desirable. Apply by Ictter 
listing salary requirements. $8-$10,000 a year. 
Upstate N. Y. W542(b). 


DESIGN, 


SEPTEMBER 1961] 


ENGINEERS. (a) Microwave 
three to 10 years experience in 
cuitry such as filters, antennas, 
oscillators and transmitters. (b) 
gineer with seven to ten years 
tube and/or transistor circuitry such as II 
amplifiers, frequency multipliers, oscillators 
transmitters, modulators, etc. Salary open. N. J. 
Shore area. W538. 


Engineers with 
microwave Cir 
hybrid rings, 

Electronic En 
experience in 


HEAD OF ELECTRICAI 
PARTMENT, Professional 
ferred but will consider M.S 
ing or industrial 
month employment period 


ENGINEERING DE 

rank Ph.D. pre 
and extensive teach- 
ex perience $9800 for ten 
South. W537 (b) 


VICE PRESIDENT, graduate electrical, with 
some knowledge of the piezo electric tube field 
products. Should be able to culminate top level 
negotiations and with large corpora 
handle subcontracts and be chief admin- 
istrator of the company. $18-$20,000 a year, plus 
stock options. New York City. W528 


licenses 
tions, 


PLANT ENGINEER, graduate electrical, to 
supervise electrical maintenance in chemical 
plant and work with electric utility company on 
plant changes. About $8500 a year. Nevada. 
W517. 


Chicago Office 
LOGIC CIRCUIT DESIGNER, B.S.E.E., B.S. or 
equivalent engineer. Duties: Layout and design 
machine tool circuit controls. Consult with ma- 
chine builder on control circuit require- 
ments Integrate special control circuits into 
established electronic machine tool control sys- 
tem. Follow designs and projects from manu 
facturing stage to final user installation. Assist 
in improvement of manufacturing technicians 
and product packaging, development, manufac 
ture and sale of numerical control systems for 
machine tools. Emplover will negotiate placement 
fee. $7200-$9000. Michigan. C8730 


tool 


DEVELOPMENT ELECTRONIC ENGINEERS 
OR PHYSICISTS, graduates, with advanced de 
preferred. To handle projects on data 
computing, and processing techniques, experi- 
ence in magnetic recorders, transistor circuit de- 
velopment. Experience in preparation of engt- 
neering proposals and reports. Classified work 
therefore must be U.S. citizen with security 
clearance Long range development program 
with potential for a manufacturer Em- 
ployer will negotiate placement fee. $10-$15,000. 
Chicago. C8726 


grees 


good 


FRANSFORMER OR MAGNETICS ENGI- 
NEER, graduate E.E. or Physics and a minimum 
experience in design of power 
transformers from 50 VA to 1000 VA. This man 
will carry out design of special transformers 
chokes, and some nonlinear magnetic devices in 
the above power range. $7500-$10,000 a vear 
Employer will pay fee. 30 Northwest of 
Chicago. C8714 


ot two vears 


miles 


ENGINEERS. (a) Assistant Director of 
B.S.E.E. Must have at least five vears in 
and/or sales administration in a related product 
area to power suppliers, transformers or other 
electro-mechanical components. Duties: Direct 
and coordinate activities of sales engineers, 
manufacturers agents and field offices. Aid sales 
manager in determining market opportunities 
and requirements on new products. Assist in 
formulating sales policies. Contact sales person 
nel and customers, hold meetings with sales, 
manufacturing engineering and other personnel 
prepare sales reports, assist in selecting and 
training sales engineers for a manufacturer of 
power supplies and controls. Employer will pay 
fee. (b) Sales Engineer, graduate E.E., with two 
or more years’ sales experience in related prod- 
ucts. Duties: Contact government and military 
agencies in Washington and other locations to 
obtain contracts for sales of products. Act as 
liaison between home office and government 
facilities with regard to specification, contracts 
delivery dates, technical assistant, etc. Assist 
in determining marketing opportunities for ex 
isting and new products. Visit and correspond 
with government agencies, hold meeting, pre- 
pare sales reports in accordance with sales poli- 
cies. Will report to Director of Sales. Head- 
quarters: West N. Y., but will spend 50% of 
time in Washington or other government in- 
Stallations for a manufacturer of power supplies 


Sales, 
sales 


Please mention ELECTRICAL ENGINEERING when 


and controls. ~ $10-$12,000, 
placement fee. C8694. 


Employer will” pay 


DESIGN ENGINEER, B.S.E.E. for employment 
with electrical consulting firm. Experience in 
motor controls, lighting, power general con- 
struction. Salary open. Albuquerque, N. Mex 
C8689 


rFEACHING PERSONNEL, B.S. or better; three 
or more years experience in industry augmented 
by some teaching work. (a) Mechanical Engi- 
neer to teach machine design; (b) Industrial En- 
head of LE. Department. (c) 
Electronics Engineer to act as head of depart 
ment Rank depends on experience; salaries 
range from $5600-$9600 based on nine months 
depending on experience opportunity re 
latively new and growing school with 
enrollment of 3100—1200 of which are enginee 
ing. Location, Southern California. C877! 


gineer to act as 


good 


prese nt 


ENGINEERS (a) Design 
Senior and Junior must have a 
mum of six years’ experience in mass production 
techniques and broad experience with the design 
of machined parts used in small electro-mecha 
nical apparatus. Duties: Design and development 
of electric shavers. $10-$12,000 a year. (b) Junior 
Design, minimum of Same 
as outlined To $8500 a year. Employer 
will pay placement fees. Location, Hlinots. (« 
lest Engineer, graduate E.E., with two or more 
vears experience in research lab as test engineer 
on electro-mechanical devices. Duties: Testing 
of experimental models of electric appliances, 
shavers and motors; set up tests, evaluate results, 
reports and make recommendations to 
engineers for a manufacturer. Employer 
To $8500 a year. Location, Illinois 


Engineers, 
mint 


Product 
Senior 


four vears experience 
above 


prepare 
design 
will pay fee 
C8772 
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DIRECTOR OF RESEARCH AND DEVELOP.- 
MENT, graduate engineer. Must have a mini 
mum of 10 years experience in research and de- 
velopment and have supervisory ability to direct 
and supervise research and development of ca- 
pacitor laboratory, electrolytic, paper, oil and 
motor starting condensers for all applications, 
for a manufacturer. Salary open depending on 
experience. Employer will pay fee. Location, 
Chicago. C8732 


San Francisco Office 


SALES-COMPUTER: $18,000, in San Francisco, 
Pennsylvania, Washington DC, BS plus Bus Ad 
Eight to ten large scale computer sales 
Five years supervising others, demonstrated 
ability, knowledge of sales, budgeting, program- 
ming. Will manage promotion, sale, installation, 
service and follow up of computer and equip 
ment in region, supervising and monitoring dis 
trict offices, maintaining adequate forces, set up 
and direct sales campaign, local shows and con- 
ventions, conducts customer seminars, coordi 
nates with societies, schools, obtain established 
quotas Agency fee, interview, relocation tee 
paid. Security clearance. $j-6315 


years 


MANAGERS, APPLICA TIONS-MAGNETIC 
RECORDERS: $15,000, $12,000, in Illinois, in 
California, EE, age to 45. One for Staff Manager, 
one for West Coast Manager. Know application 
of magnetic recording heads, analog or digital 
Able to screen and handle inquiries, handle 
client or conference demonstrations, familiar 
with requirements of developing pricing philo- 
sophy, interpret military or private clients needs 
as to product, deal with management and top 
technical levels. For a manufacturer United 
States Citizens—clearance required. $j-6338 


SENIOR DESIGNER—POWER HOUSE: $10- 
12,000, in San Francisco, EE, age about 50. Mini- 
mum fifteen years heavy experience supervision, 
designing major hydro-electric power houses. 
For an engineering consultant firm. $j-6284 


ELECTRONICS DESIGNER—CONTROL SYS- 
TEMS: $12,000 approximately, in San Francisco 
East Bay, EE or ME with electronics, age to 50 
Well experienced in creative electronics as ap 
plied to hydro-pneumatic electro-mechanical con- 
trol and actuating systems. Familiar with servos, 
mechanics, circuitry, and unique applications of 
complex systems. For a manufacturer—engineer. 
$j-6263 


(Continued on page 44A) 
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STEBER 


QUARTZ 
LITHRS 


SCIENTIFICALLY DESIGNED FOR 

@ Maximum controlled 
light output 

e Efficient operating 
temperature 

@ Economical first-cost versus 
light-output ratio 

e Versatility of application 


Design objectives have been 
accomplished in the STEBER 
7000 series Quartzliters 
through the choice of ideal 
dimensions, beam spreads, 
method of cooling and mate- 
rials that assure long life with 
minimum maintenance ex- 
pense. 


You get true, full performance 
from the new 500 and 1500 
watt Quartz-lodine lamps when 
you use STEBER Quartzliters. 


Yoke mounting with choice of brackets 


Wide, medium and narrow 
beam spreads to suit all appli- 
cations for lighting: building 
facades, signs and poster 
boards, parking areas, golf 
driving ranges, race tracks, 
sports areas, amusement 
parks, playgrounds, loading 
docks, outdoor construction. 
@ Cast aluminum, dual-fin 
cooled 
@ Aluminum Anodal reflectors 
@ Thermal-shock impact- 
resistant lens 
@ Stainless steel hardware 


Metal to metal 
contact cooling. 
Reflector nests in 
contact with in- 
ternal fins which 
conduct heat to 
outer fin surfaces. 


Swivel Mounting. 
Enclosed wiring. 


STEBER 
DIVISION 


The Pyle-National Company 
2700 Roosevelt Road, Broadview, Iilinois 
242 Anderson Street, Los Angeles, California 


Also Manufactured in Canada by 
Pyle-National (Canada) Ltd., Toronto, Canada 
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Potentiometer .. . 


Physical contact between the wiper 
arm and the resistive element is elimi- 
nated in recently developed potentiom- 
eter called the Betapot The new 
component utilizes a source of light for 
pick-off, beaming a stream of photons 
through a thin film of photoconductive 
semiconductor material. The semicon- 
ductor reacts to light by becoming im- 
mensely conductive. The movable light 
beam thus defines a path of high con- 
duction between the annular collector 
Virtually in- 
finite life is claimed by the manutfac- 


and resistive elements. 
turer for the unit because of the fric- 
tionless pick-off action. Duncan Elec- 
tronics, Inc., 2865 Fairview Rd., Costa 
Mesa, Calif. 


Tension Recorder... 


Tension and its changes are re- 


corded during all preparatory opera- 
tions of wires, cables, tapes and yarns, 
as well as cordage, with a new tension 
recorder. The device shows quickly any 
tensions electrically during 


the preparation of wires and cables at 


changing 


full speed. In the accompanying illus- 


tration, the record in the upper area 


shows tension of the same material 
coming from a pirn as compared to 
delivery from a spool. With identical 
settings, the record at the right shows 
a lower, more uniform tension while 
that on the left has greater variations, 
thus subjecting the sensitive wire to 
damage. Tensitron, Inc., P.O. Box 185, 


Hari ard, Mass. 
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Film-Coated Magnet Wire .. . 


Continuous high-temperature oper- 
ation up to 250 C and resistance to 
heat shock up to 425 C are features of 
Anaconda ML, a new film-coated mag- 
net wire. The heat stability of the wire 
permits reduction in electric motor 
sizes since motors using the new wire 
hotter. Other 
the wire include: high burn-out resist- 
ance; thermoplastic flow above 500 C; 
dry dielectric strength above 3,000 volts 
per mil; 


can run advantages of 


excellent flexibility, wind- 
ability, and scrap resistance. Anaconda 
Wire and Cable Co., Hastings-on-Hud- 


son, N. Y. 


Solid-State Switch... 


No transients are introduced into 


the power line when the load is 
switched off and on the line with a 
new solid-state switch. There are no 
contacts to arc or spark or weld when 
changing the load. Models are avail- 
able for 5-, 10-, and 20-ampere load 
circuits at 115-volt operation. Multiple 
switching combinations are possible for 
multiple load circuits from common 
input contacts. LJ Products, 7464 


Girard Ave., La Jolla, Calif. 


Temperature Monitor... 


Especially useful where critical 
items are being tested and would be 
destroyed if the temperature exceeded 
or fell below specified limits, this new 
temperature fail-safe unit also serves as 
& pyrometer to indicate temperature of 
a device at any given time. When a 
temperature limit is reached, the tem- 
perature chamber in which the devices 
are being tested is automatically turned 
off and cannot be turned on without 
a manual reset. The unit is fail-safe 
and includes an alarm circuit to allow 
the unit to be connected to existing 
plant alarm systems. Units are now 
available to control spans as small as 
20 F between over-all limits of —100 F 
and +500 F. Other units will cover 
—100 F to +1,000 F and higher. Delta 
Design, Inc., 3163 Ave., San 
Diego 16, Calif. 


Adams 


Surface-Mounted Transformer .. . 


A low-profile, single-phase surface- 
mounted residential transformer is now 
available in sizes 25- through 50-kva 
models, 10 ky and below, with sec- 
ondary ratings at 240/120. One third 
smaller and lighter than existing units, 
the transformer weighs 750 pounds, oc- 
cupying a scant 3-foot square area. A 
high-voltage interrupter switch is Ca- 
pable of interrupting full load. Allis- 
Chalmers Manufacturing Co., Milwau- 
kee 1, Wis. 
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High-speed computers are able to process data many 
times faster than the data can be entered manually from 
the checks, invoices, premium notices and other docu- 
ments that are the source of most business information. 
Now IBM has developed a character-sensing system that 
can “read” numerical data right from printed documents 
and translate it for direct input to a computer at the 
rate of 480 characters a second. The system is able to 
read type styles used by IBM accounting machines. 


The IBM engineering group that developed this remark- 
able system started its inquiry with a theoretical ques- 
tion: What amount of information must a machine 
acquire and maintain in order to distinguish one charac- 
ter from another? The investigation then ranged across 
many technical boundaries — optics, for developing scan- 
ning methods; photosensing, for converting the light 
image into electric impulses; electronic circuit design, 
for converting the analog signals of characters to digital 
information; and statistical analysis, for creating logic 
capable of distinguishing between the many character 


patterns. The next step for this engineering team is to 
develop equipment that can recognize alphabetic and 
special characters. 





This wide-spectrum approach to problem-solving is typi- 
cal of the development work IBM currently is doing in 
such areas as control systems, semiconductors, polymers, 


and optics. It is an approach that requires people who 
can think creatively. In turn, it provides these people 
with an unusual opportunity to grow professionally and 
personally. If this approach interests you—and you have 
a degree and experience in engineering, mathematics 
or one of the sciences—we’'d like to hear from you. 

All eligible applicants will be considered for employ- 
ment without regard to race, creed, color or national 
origin. Please write: 

Manager of Technical Employment 

IBM Corporation, Dept. 550] 

590 Madison Avenue 

New York 22, New York 





CHARACTER SENSING: 
Developing machines 
that can read 








“AS GOOD AS KERITE?” 


We have Kerite cable that has been in service 
for well over 40 years. We think Kerite has 
the best designed signal and power cables 


that are made. Furthermore, we know that 
Kerite will stand back of its cable 
under any circumstances. 


Now, what do you mean, “‘as good as Kerite’’? 





ENGINEERING OFFICES 





RS 











THE KERITE CO., 30 CHURCH ST., NEW YORK 7, N. ¥. DESIGNERS AND MANUFACTURERS OF PREMIUM GRADE INSULATED WIRE 
AND CABLE, SPLICING TAPE, RUBBER CEMENT. AGENTS IN PRINCIPAL CITIES. A MEMBER OF RAILWAY PROGRESS INSTITUTE. 











opportunities for 


systems analysts 


Hughes Aerospace Engineering Division 
has openings for Systems Analysts to 
consider and analyze a wide spectrum of 
basic problems such as: 


What are the requirements for manned 
space flight? 


Justify choice of systems considering 
trade-off of choice in terms of cost 
effectiveness. 


Automatic target recognition 
requirements for high speed strike 
reconnaissance systems or unmanned 
satellites. 


IR systems requirements for ballistic 
missile defense. 


Optimum signal processing techniques 
for inter-planetary telecommunications. 


Analysis of weapon systems from 
conception through development, test 
and customer use. 


Design concepts for new airborne 
weapon systems. 


The positions involved with the solution of 
these basic and critical questions present 
opportunities for the optimum application 
of the technical and analytical backgrounds 
of graduate physicists and engineers with 
both systems and specialized experience. 


If you are interested in helping to solve 
these questions and are a graduate physicist 
or engineer with a minimum of three years 
experience in weapon systems analysis, 
operations analysis, IR, physics of space, 
Signal processing or communication 
theory, we invite your inquiry. For 
immediate consideration, please airmail 
your resume to: Mr. Robert A. Martin, 
Supervisor, Scientific Employment, 
Hughes Aerospace Engineering 

Division, Culver City 86, California. 

All qualified applicants will be considered for 


employment without regard to race, creed, color or 
national origin. 


We promise you a reply within one week 


HUGHES AIRCRAFT COMPANY 


AEROSPACE DIVISIONS 








TRANSLATION OF RUSSIAN JOURNALS 


The American Institute of Electrical Engineers announces the publication of 
English-language editions of the following 1961 Russian Technical journals: 


(PAAHOTEXHHKA H 3JIEKTPOHWKA) SUBSCRIPTION RATES 
RADIO ENGINEERING and ELECTRONIC PHYSICS INDIVIDUALS LIBRARIES 
Monthly, ca. 2,500 pages per annum $28.50 $57.00 


(PAJ.MOTEXHHKA) 
RADIO ENGINEERING 


Monthly, ca. 1,200 pages per annum 


(SJIEKTPOCBSA3b) 
TELECOMMUNICATIONS, 
Monthly, ca. 1,200 pages per annum 14.25 


THE THREE JOURNALS CONTAIN THE LEADING RUSSIAN 
ARTICLES AND RESEARCH PAPERS PUBLISHED IN 1961. 


Rush the adjacent Discount Subscription Coupon to: American Institute of Electrical 
Engineers, Special Subscription Department, 41 East 28th St., New York 16, New York. 








another &} pubication AIEE Transactions 
: Cumulative Index 1950-1959 











S29B 


A 10-year cumulative multientry to Parts I, Il, and Ill of the AIEE Transactions comprised of over 40,000 entries 
by subjects and also authors is now available at the price of $8.00 to members; $12.00 to nonmembers, Bound in a hard 
cover with green cloth, gold-embossed to match the volumes of the Transactions, the index consists of 400 pages. Since 
the edition is limited, please place your order on the coupon below as promptly as possible. Discount to college and 
public libraries 25% of the nonmember price; to publishers and subscription agencies 15% of the nonmember price. 


DETACH 
1 
(Please print) | AMERICAN INSTITUTE OF 
I ELECTRICAL ENGINEERS 
345 E. 47TH STREET 


NEW YORK 17, N. Y. 
Address 


] Member [] Nonmember Memb. No. 


(J College Library (] Public Library ([) Publisher [] Agency 


Remittance of $ is enclosed for publication S29B. rr 
(CONTENTS—PRINTED MATTER) 


Type or print on return mailing label > POSTMASTER: This parcel may be opened for postal inspection if necessary. 
Return postage guaranteed. 
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DISCOUNT SUBSCRIPTION COUPON 


We wish to subscribe to the following 1961 AIEE journals : 


SUBSCRIPTION RATES 
INDIVIDUALS | LIBRARIES 


Radio Engineering and Electronic Physics (J $28.50 $57.00 
Telecommunications 3 14.25 28.50 


Radio Engineering Gaacd 14.25 28 .50 


O Bill us at 10% introductory discount 
© Payment herewith, less 10% introductory discount 
© Send us current issues on 20-day approval (Institutions only) 


ee a | | 
Company or Institution 
Address 


NOTE: Your subscriptions will be cancelled if issues requested 
on approval are returned to the AIEE within 20 days. 














P rofessional Engineering 


irectory 





THE KULJIAN CORPORATION 


Engineers « Constructors « Consultants 


POWER PLANT SPECIALISTS 
(Steam. Hydro, Diesel) 


Utility « Industrial ¢ Chemical 
1200 NO. BROAD ST., PHILA. 21, PA. 











MULTI-AMP Division 
MULTI-AMP ELECTRONIC 
CORPORATION 


Designers © Engineers © Builders 

Portable Electric Test Equipment 

Field and Laboratory Instruments; Load Boxes 
For low-voltage testing and calibrating of cir- 
cuit breakers, protective and overioad relays, 
reclosures, watthour meters, fuse links. 

61-A Myrtle Street Cranford, New Jersey 








DOBLE ENGINEERING COMPANY 
Consultants to the Power Industry 
Specializing 
in 
Preventive Maintenance of Solid and 
Liquid Insulation and 
Power Control Distribution 
32 Locust Street Belmont 78, Mass. 








SVERDRUP & PARCEL AND ASSOCIATES, INC. 


Engineers—Architects 


Electrical Studies & Planning 
Transmission—Distribution—Control 
Power Plant Industrial Plant 
V4 Facilities 


Supervision of Construction 


Development—Design 


— 





St. Lovis San Francisco 








TTT 
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SARGENT & LUNDY 
ENGINEERS 
Consultants to the Power Industry 


STUDIES + DESIGN + SUPERVISION 
140 South Dearborn Street, Chicago 3, til. 


SCLC Ook 





TE 





PETER F. LOFTUS CORPORATION 


Design and Consulting Engineers 
Electrical © Mechanical 
Structural ¢ Civil 
GS, 4 Nuclear © Architectural 


Suisned 


FIRST NATIONAL BANK BUILDING 


Pittsourgh 22, Pennsylvanic 








DE LEUW, CATHER & COMPANY 
CONSULTING ENGINEERS 


Public Transit Subways 

Traffic & Parking Railroad Facilities 

Expressways Industrial Plants 

Grade Separations Municipal Works 

Urban Renewal Port Development 
150 North Wacker Drive, Chicago 6 

San Francisco New York Boston 











JACKSON & MORELAND, INC. 


Jackson & Moreland Internanonal, Inc. 
ENGINEERS and CONSULTANTS 
Electrical—Mechanical—Structural 

Design and Supervision of Construction 
-:- for 


Utility, Industrial and Atomic Projects 
Surveys—Appraisals—Reports 
Technical Publications 
BOSTON WASHINGTON 








NEW YORK 


Pioneer Service & Engineering Co. 
Consulting & Design 
Engineers 
Public Utilities—tndustrials 
Purchasing—Construction Management 


231 So. La Salle St Chicago 4 





CHAS. T. MAIN, INC. 


CONSULTING ENGINEERS SINCE 1893 


ENGINEERING REPORTS - 
DESIGN - CONSTRUCTION MANAGEMENT 


BOSTON, MASSACHUSETTS - CHARLOTTE, NO. CAROLINA 








MINER AND MINER 


CONSULTING ENGINEERS 
INCORPORATED 
GREELEY, COLORADO 


Littleton, Colorado Phoenix, Arizona 








Black & Veatch 


Consulting Engineers 


Water - Electricty - Sewage - Gas - 
Industry - Reports, Design, Supervi- 
sion of Construction, Investigations, 
Valuation and Rates. 


1500 Meadow Lake Parkway 
Kansas City 14, Missouri 
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Leading engineering firm 
located in midtown Manhat- 
tan but relocating soon to Bergen County, New 
Jersey, seeks an EE with 3 to 5 years experience 
in designing automatic control circuits for 
processes or chemical industries. Work will in- 


volve supervision of drafting group. 


Send resume and salary requirements to: 


FURNACE TRANSFORMERS PERMUTIT COMPANY 


A Division of Pfaudler Permutit, Inc. 


WWAVAUA AGA oA" 50 West 44th St... New York 36, N.Y. 











DESIGN ENGINEER 


Minimum BSEE to work as Motor Designer doing scratch 
calculations for electrical portion of canned motor 
pumps. Must be experienced with AC _ Induction 
Motors in medium horsepower range. Knowledge 
of materials and fabrication methods desirable. 
For prompt reply please forward resume 
(including salary requirements in confidence 
to: Mr. John Baker, Industrial Relations 

Department 


Westinghouse 470Mic EquiPMENT DEPT. 


Cheswick, Pennsylvanic 
An Equal Opportunity Employer 








Senior Engineer ~% 


Experienced in electrical design of hydro ee 
power plants. 


Liberal relocation allowances. Send resume outlining 
experience and including your present and required 
salary to William A. Anderson, Technical Recruiting. 


Designing Furnace Transformers is a job for Bechtel 
experts — and Acme Electric engineers have the a 
experience, the “know how” and the facilities to C rpor tion 
design and build the kind of transformers that 0 a 

will successfully handle the difficult require- 


ments of electric furnace requirements. 220 Montgomery Street San Francisco, Calif. 








The transformer illustrated is one of several, con- 
nected to a vacuum furnace and operating at 
preselected temperatures over a range of 1900° : INTERESTED IN THE 
to 2500°C. which must be maintained within 


close limitations. APPLICATION AND PROTECTION OF 
If you need Furnace Transformers as part of PILOT-WIRE CIRCUITS FOR PROTECTIVE RELAYING? 


the equipment for special, secret or unusual tem- 
perature processing, Acme Electric is your best 


source of supply. Selected fundamental reference articles on this subject are grouped 

and available in publication S-117. 

ACME ELE Cc TRI Cc Cc re} RPOR AT | re) N Sponsored by the Pilot Wire Subcommittee of the AIEE Relays 
Committee, the special publication provides a handy reference 

229 Water St. Cuba, N.Y. for both utility and communications engineers working in this 


In Canada: Acme Electric Corp. Ltd., 50 Northline Rd., Toronto, Ont. field. 
Send $1.50 and specify S-117 to 








SAA3507/1963 





fi 


‘ Order Department 
AMERICAN INSTITUTE OF ELECTRICAL ENGINEERS 
345 E. 47th Street, New York, New York 
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FROM THE GENERAL ELECTRIC COMPANY 





6 answers—with some long-range 
meaning for Engineering Writers 





Q Is this message published in an effort to hire Engineer- 
ing Writers? If so, does it also include Technical 
Writers? 


A Yes, General Electric has openings for professional Engi- 
neering Writers in its Heavy Military Electronics Department. 
Most of these are new openings, based on Department 
growth. But while inquiries from Technical Writers would 
be welcome, these particular openings are for Engineering 
Writers only. 


Q So there is no misunderstanding, will you pinpoint the 
difference between the Engineering Writer and the 
Technical Writer.in your organization? 


A It is in the degree of technical competence required. In our 
organization, the Engineering Writer is a professional in the 
full sense of the word—with a technical competence ap- 
proaching that of the Design Engineer with whom he so 
closely works. HMED’s Engineering Writers either have 
their BSEE’s or the equivalent in experience and training. 


Q What is the nature of the work? 


A If qualified, you'll be assigned to one of the major elec- 
tronic systems programs for which the Department is 
responsible. For example, you might be assigned to the 
Navy SQS-26 program—involving the most powerful ship- 
borne sonar in the free world. Or it could be to a project 
designed to monitor all activity in millions of cubic miles 
of ocean. And these are but two.... 


Q What functions are involved? 


A You'll be providing the first ‘‘translation’’ of the raw 
material (i.e. graphs, schematics, charts, etc.) produced by 
the Design Engineer into manuscript form. From your 
manuscript and under your direction, support personnel 
provide publications covering systems philosophy, instal- 
lation, operation, and maintenance for use by military 
customers. 


Q 


A 


Technical competence is the vital qualification here. 
Certainly your writing talent is valuable, but in terms of 
major electronic systems—we need your technical com- 
petence. That's why even though you have responsibility 
from start to printed material, your support personnel take 
care of finished writing, illustrating, and printing. 


What are the qualifications? 


You could be qualified in either of two ways: 


1. If you have your BSEE and experience in our product 
line, you are probably qualified. 


2. But we would also strongly consider an E.C.P.D.— 
accredited Technical School graduate or a man with two 
or more years’ credit toward his BSEE. But in this case, 
you must have also had the following military experi- 
ence: 
2 or more years’ maintenance or repair of major elec- 
tronic systems, specifically radar (land-based or ship- 
borne), computers (fire control or GCI), or sonar. 


Assuming I qualify, would it really be worth a job 
change? 


Yes—if you are looking for greater professional oppor- 
tunity. In the first place, you'll be treated (and expected to 
contribute) at a high level. Also, you'll be joining an 
organization within G.E. that continues to grow. The tech- 
nical writing staff has grown by 700% in the last eight 
years and there is no let-up in sight. Obviously, this means 
you are joining a Department that needs your talent—and 
the need will continue into the foreseeable future. 


More information about General Electric’s exten- 
sive benefits program is available upon request. 
Relocation assistance will be provided. Qualified per- 
sonnel will be invited to Syracuse for interviews at 
Company expense. All qualified applicants will receive 
consideration for employment without regard to race, 
creed, color, or national origin. 178-01 





FOR MORE INFORMATION, send a summary of your back- 
ground and experience in confidence to: 

Mr. George B. Callender 

Engineering Administration, Section T-7 

Heavy Military Electronics Department 

General Electric Company 

Court Street, Syracuse, N. Y. 
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Trade Literature... 


High Voltage Components ... 


A new 16-page catalog and applica- 
tions manual covers a complete line of 
high-voltage components and equip- 
ment and provides information on anti- 
corona terminations, high-voltage d- 
supplies, encapsulated power 


packs, 
and high-voltage meters. Extensive 
technical data on the application of 
these products is included. Free copies 
are available from Universal Voltronics 
Corporation, 17 S&S. 


White Plains, N. } 


Lexington Ave., 


Magnetic Drives ... 


sulletin 3650 on magnetic adjust- 
able speed drives describes in detail the 
basic components of the magnetic 


drive, theory of operation, controls, 
and design features. Some of the fea- 
tures of the unit include stationary 
field coil construction, liquid or ait 
cooled clutch system and an a-c tach- 
ometer generator. Controls supplied for 
the drive are available in the standard 
electronic controller as well as the op- 
tional transistorized controller. Write 
Department P, The Louis Allis Com- 
pany, 427 E. Stewart, Milwaukee, Wis. 


Digital Data System... 


sulletin 71/0 gives complete infor- 
mation on a digital recording system 
for measurement of important variables 
such as voltage, demand, wattage, var, 
and temperature quantities at remote 
electric utility substations and teleme- 
tering of information in digital form 
to central recording station. The 2-page 
bulletin block 
diagram, and specifications of data sys- 
tem. For free copy, write Monitor Sys- 
tems, Inc., Dept. 31, Fort Washington 
Industrial Park, Fort Washington, Pa. 


includes illustration, 


Coupling Capacitors ... 


Iwo 8-page color bulletins describe 
the company’s coupling capacitors and 
coupling capacitor potential devices. 
GEA-7232 covering the capacitors, is 
heavily illustrated with photographs 
and diagrams and shows the proved 
economy, exceptionally long life, me- 
chanical strength, versatility and _ re- 
liability of coupling capacitors; also il- 
lustrated, GEA-7233 gives a full de- 


scription of coupling capacitor poten- 
tial devices, which provide a low-cost 
source of potential for operating relays 
and instruments from high-voltage cir- 
cuits. Both bulletins are available from 
General Electric Communication Prod- 


ucts Department, P. O. Box 
Lynchburg, Va. 


4197, 


42A 


Neutrons ... 


A 4-page folder titled “Neutrons 
from Small Tubes,” gives design data 
on tubes which provide neutrons in 
quantities intermediate to those avail- 
able from isotopic sources and reactors. 
The text describes main features, ion 
source, accelerating system, replenisher, 
target assembly, neutron yield, and 
general performance of the neutron 
generator tube. The folder is_ illus- 
trated with photos and drawings. Tube 
construction is shown in cross-section, 
Penning source principle is dia- 
grammed, and a curve gives the rela- 
tionship between accelerating energy 
and neutron yield. Available from 
Philips Electronic Instruments, 750 S. 
Fulton Ave., Mount Vernon, N. Y. 


Ultraminiature Resistors ... 


Technical bulletin P5 5/61 describes 
the company’s new line of ultraminia- 
ture encapsulated wire-wound resistors 
for microminiature circuitry applica- 
tions in industry and the military. The 
resistors consist of both the axial and 
lug types and range in size from .063 
inch in diameter and .063 inch in 
length to %4 by 4 by \& inch. The 
units are available in maximum ohmic 
values from 200 K to two megohms and 
power ratings of up to 0.250 watt. The 
wire-wound resistors are operable in a 
temperature range between —65 and 
125 C, with a maximum operating tem- 
perature of 150 C. Reon Resistor Corp., 
155 Saw Mill River Road, Yonkers, 
NW: Y. 


Unit Mechanization ... 


An approach to automation based 
upon “unit mechanization” of specific 
or related work functions, rather than 
the fully production line 
concept, is described and illustrated in 


automatic 


a new 12-page brochure. Included are 
typical examples of special automated 
machines which are designed and built 
at relatively low cost to perform vari- 
ous manufacturing, inspection, assem- 
bly, and testing operations on parts 
and components now being produced 
for use by the automotive, aircraft, 
appliance, electrical, and hardware in- 
dustries. According to the company’s 
engineers, the principles and mecha- 
nisms for utilizing power to do desired 
work automatically can be applied to 
all types of production processes. 
Copies of the “Unit Mechanization” 
brochure may be obtained from Jered 
Equipment Co., 1300 S. Coolidge Rd., 
Birmingham, Mich. 


Silicon Transistors ... 


A comparative study of high-fre- 
quency silicon transistors produced by 
four major manufacturers, has been 
published in a_ 28-page Designers 
Handbook by Raytheon Company’s 
Semiconductor Division. Basis of the 
study was the 2N338, its family of high- 
frequency silicon units, and their 
equivalent types in subminiature, 
single and double-ended packages. The 
lines of each manufacturer are de- 
scribed and compared for electrical and 
mechanical characteristics, parameter 
distributions, design requirements and 
other varying areas. The complete 
analysis is illustrated with charts, 
graphs, cross-sectional drawings and 
schematics. A free copy of the hand- 
book may be obtained with a letter- 
head request to Raytheon Co., Semi- 
conductor Div., 150 California St., 
Newton, Mass. 


Digital Instruments . . . 


A new full-line 2-color, 20-page 
catalog, complete with price informa- 
tion and location of representatives 
describes the company’s high-speed 
solid-state and vacuum-tube electronic 
counters, timers, preset counter con- 
trollers, decade-counting units, read- 
outs, printers, and frequency-measuring 
instrumentation. For a free copy, ad- 
dress Computer Measurements Com- 
pany, 12970 Bradley Ave., San Fer- 
nando, Calif. 


Pointer Indicator/Controller . . . 

Comprehensive information on its 
type 1/0 SR-4 pointer indicator and in- 
dicating controller is furnished in the 
company’s 6-page, bulletin, 
which provides an extensive summary 
on features, applications, accuracy, and 
controls; a 2-page graphic selection 
chart; sample application system 
sketches; specifications tables; and di- 
mensions and connection details. Com- 
pact and versatile, the type 110 unit 
was developed primarily for use in 
measuring and control systems which 
employ strain gage transducers. Typical 
applications include weight and load 
measuring, pressure systems, and torque 
and horsepower measuring in a wide 
variety of industrial production and 
processing operations. Copies of the 
bulletin, No. 4411, may be obtained by 
inquiry to Electronics & Instrumenta- 
tion Div., Baldwin-Lima-Hamilton 
Corp., 42 Fourth Ave., Waltham 54, 
Mass. 


2-color 


(Continued on page 44A) 
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FRESH IDEAS IN RELAYS... 


CHOICE of betow- MULTI-USE terminais allow 
chassis or above- soldering, insertion in printed 
chassis connecting circuit board, and use of AMP 
in plastic enclosures. Style 110 push-on terminals. 











ALL TERMINALS on 
one panel... permits 
insertion in printed 
circuit board. 





SPECIFICATIONS 


CONTACTS: /ntegral with 
terminals; up to 3PDT; 
5 amp, 115 VAC or 32 VDC, 
Stationary contacts, fine 
silver inlay material; mov- 
able, solid fine silver. 


COILS: Up to 230 VAC at 
60 cps or 115 VDC. 


ENCLOSURES: Clear 
plastic. 


TERMINAL PANELS: 


Barrier type or octal plug. OCTAL PLUG relays up to 
LATCHING RELAY: DPDT have recessed pin 
ee enc bases meet UL spacing 
plastic with plug-in mount- cate ee eg 

thas or unenciosed. requirements to 150 V. 








ALL ENCLOSED re- 
lays mount solidly 
on base... not on 
covers. 





Stocked for Immediate 
Delivery From 
Distributors or Factory... 
WRITE FOR BULLETIN 166 


OHMITE 


OHMITE MANUFACTURING COMPANY 


3614 Howard Street 
Skokie, Illinois 


Rheostats + Power Resistors 
Precision Resistors 

Variable Transformers 

Tantalum Capacitors + Tap Switches 
Micromodules + Relays 

R.F. Chokes « Germanium Diodes 





Fan 





INTEGRAL plug-in 
base up to DPDT 
ivolds wiring be- 
tween contact ter- 
minals and pins 





(Continued from page 42A) 
Accumulator Guide... 


Hydraulic accumulators, their op- 
erating principles, designs, and uses 
are described in a new edition of 
“Guide to Hydro-Pneumatic Accumu 
lators.”’ This is the third edition of the 
illustrated reference manual first pub- 
lished in 1951. Completely revised and 
brought up to date, it includes missile 
age applications and recent develop- 
ments in accumulator design. It con- 
tains a history of accumulator develop- 
ment, and details of the operations of 


all types of accumulators including 


mechanical bellows, 


bladder 


circuits utilizing accumu- 


piston 
loaded, 


Fight 


spring 
aircraft, and types. 
basi 


lators are also illustrated. Free 


copie S 


Hydrauli Bs 
Blud., Los 


are available from Gree? 


Jefferson 


Aluminum Conductors ... 


New data on conductors, core wires, 
cable reels, and conductor lengths have 
been incorporated into a_ revision 
ol fluminun Electrical 
Stranded-Bare The 


cludes information on 5,005 aluminum 


Conductors, 


publication in 


alloy conductors, aluminized steel core 


wire for ACSR (aluminum conductor, 


steel-reinforced), and details on a new 


size ot expanded ACSR of 2,294 MCM, 
ind 2.32-inch diameter. Separate physi- 
cal characteristics and packaging tables 
for ACSR and stranded aluminum con- 
ductors are presented, and conductor 
cross-section diagrams, and reel and 
oil data included. Rome Cable Di 

1501 Alcoa 


i? Oo yf {merica, 


9. Pa 
Electronic Transformers ... 


Electron Transformers for 


tary Appli 


Mili- 
ons—GEA-7121, describes 
idvantages of the 


features and com- 


pany s full line of electronic 


trans- 
This 
illustrated 28-page publication contains 


formers for military applications 


sections on the company’s stock models 


including metal-cased, hermetically 


sealed transformers and_ inductors, 
sipermil (encapsulated), and subminia- 
ture and microminiature transformers. 
Charts of model numbers, ratings, and 
included. General 


Schenec tady ee. Se de 


case dimensions are 
Electric Co., 


Transistor Amplifiers .. . 


his technical bulletin describes in 
detail four 4-stage transistor amplifiers 
ranging in power output from 0.5 to 
3.0 mw. They vary in size from 17/16 
by 11/8 by 19/32 inches for the 3.0- 
mw unit to 1/2-inch diameter by 1/4- 
inch thick for the 0.5-mw unit. Units 
standard 


described are production 


models that can be modified to provide 
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different frequency curves. Complete 
data on these amplifiers, including fre- 
quency noise level, 
load output, etc., are given in bulletin 
42-1018 which is available from Cen- 
tralab, The Electronics Div. of Globe- 
Union Inc., 900 E. Keefe Ave., Mil- 


Wis. 


response curves, 


waukee 1, 


Silicon-Rectifier Unit... 


This 4-page brochure describes the 
company’s new silicon-rectifier conver- 
sion-unit for electrostatic precipitators. 
It tells how silicon rectifiers provide at 
least 25°, more efficient rectification 
than mechanical rectifiers, and explains 
how conversion unit cost, low installa- 
tion cost, and virtually no maintenance 
costs save money for the user. The bro 
chure further explains how the silicon 
rectifier is installed without replacing 
any equipment other than the old rec 
tifier, and how it connects to the exist- 
high-voltage conductor and trans 
Buell Engineering 

William St., New 


ing 
former terminals. 
Company, Inc., 123 


York, N.Y. 


D-C Amplifier .. . 


The company is offering new tech- 


nical literature on its all-solid-state 
differential operational amplifier Mod- 
el A-2—for 


and complex data-handling and proc- 


use in analog computing 


ess control applications—and power 


booster Model G-2 for use with the 
\-2 in driving heavy instrument sys- 
tems, small d-c servos, and rotary am- 
plifiers. Complete electrical and me- 
chanical specifications are presented, 
together with price information, ap- 
plication schematics and_ oscilloscope 
photos showing common mode opera- 
tion and unity gain waveform repro- 
duction. Request Bulletins No. 031 
and No. 032 from Ridgefield Instru- 
ment Group, P.O. Box 337, Ridgefield, 


Conn. 


Logic Circuit Plug-Ins ... 


Technical Bulletin 60-E describes 
series 2010 200-kc Logix Blocks, a com- 
plete and fully compatible set of tran- 
sistor-operated digital circuit 
plug-in modules for rapid, low-cost de- 
sign and special pur- 
pose digital computers, data-processing 
equipment, digital communication links 
and magnetic storage equipment. The 
illustrated bulletin points out that 
these plug-ins are designed to operate 
at data rates in the 200-kc range, and 


logic 


assembly of 


include flip-flops, gates, amplifiers, in- 
verters, and pulse generators, provid- 
ing the systems designer with a full 
complement of inexpensive basic logic 


elements. Rese Engineering, Inc., A 
and Courtland Sts., Philadelphia 20, 
Pa. 


(Continued on page 46A) 
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ELECTRONICS DESIGN—CIRCUITS:  $800- 
1,000, BSEE, in California, age 28-50. Must 
have minimum of five years high-level circuit 
design experience must be strong in theoretical 
design capability. Required to develop circuitry 
to meet specified performance characteristics 
with minimum of supervision. Knowledge of 
transistor circuitry mandatory, knowledge of tape 
recorder systems desirable. For a manufacturer. 
$)-6060 


PROJECT ENGINEER—ELECTRONICS: §$9- 
12,000 plus, in Contra Costa County, EE. Five 
years industrial electronics experience including 
circuit design and project management. Must be 
fully experienced in the design of servo feedback 
control systems employing semi-conductors. For 
a manufacturer designer, $j-6331 


INSTRUMENTATION-CHEMICAL: salary is 
commensurate, in San Francisco North Bay, EE, 
ChE, age to 35. Recent graduate to fifteen years 
experience with process plants, consulting en- 
gineers or engineer-builders on engineering de- 
partment or plant engineering of process control 
instrumentation in chemical, petro-chemical or 
petroleum plants. Will work in engineering 
services or plant engineering departments. For a 
chemical manufacturer. $}-6079 


SUPERVISOR, ELECTRICIAN-WIRING: about 
$1,000, in Guam, electrical engineering back- 
ground, age open. Four to five years experience 
to supervise on wiring and related in line work, 
government installations. United States citizen- 
ship required. Transportation paid by employer. 
For a contractor. $}-0349 


DESIGNER—LIGH1 AND POWER: | salary 
commensurate, in San Francisco, EE plus EIT 
or license, age to 40. Minimum three years ex- 
perience in consulting type office designing and 
board work on electrical wiring, power and 
distribution of industrial and commercial build- 
ings. For a consultant. $)-6293 


INSPECTION, TEST-ELECTRONIC, ELEC- 
TRO MECHANICAL: salary open, EE, in Cali 
fornia. Supervise activities of line inspection 
and test. Supervise and plan test equipment re- 
quirements and construction. Establish test pro- 
cedures and methods for inspection and test of 
complex electronic and electro mechanical as- 
semblies. Must have ability to sell quality con 
trol requirements and standards to manufactur- 
ing personnel, Should have minimum of two 
years supervisory experience, five years experience 
in areas of testing test methods and quality 
control. For a manufacturer. $j-6268 


RESEARCH, DEVELOPMENT-MICRO WAVE 
TUBES: salary commensurate, in Santa Clara 
county, EE or MS, age young. Recent graduate 
or one to two years work. Definite aptitude for 
research and development, design microwave 
tubes, magnetics, strong on theory. For an 
established manufacturer. $j-6256 


DESIGN, DRFAT-ELECTRICAL: Salary de- 
pends on ability, in San Francisco. Two to three 
years experience in design and layout of light- 
ing and power systems for commercial and 
industrial buildings (schools, churches, ware- 
houses, process plants and control), For a con- 
sulting electrical engineer. $j-6255 


DESIGNER-ELECTRICAL: $500-750, in San 
Francisco, EE, age young. Recent graduate to 
a few years experience relating to industrial, 
commercial or public primary and secondary 
electrical power distribution and usage. Able to 
work with code and special requirements, and 
participate from planning through final plans. 
For a consultant. $j-6252 


APPLICATIONS, DESIGN - ELECTRICAL 
DRIVES: $700, in San Francisco, EE, age young. 
Some experience in electrical variable speed 
drives, capable of assisting in the selection and 
specification of direct current motors controls, 
a transmission and related equipment for 
arge, heavy powered paper and pulp machinery. 
For a manufacturers central engineering divi- 
sion. $j-6092 
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at PRATT & WHITNEY AIRCRAFT... 


advanced technology in 
electrical power machinery 


The challenges of space missions and other 
advanced power applications demand the 
ultimate in electrical machinery technology. 
Pratt & Whitney Aircraft is conducting 
applied research and development in the 
field of advanced electrical machines. For 
example, included in the range of current 
investigations are cryogenic applications, 
and liquid metal cooled, high temperature, 
high speed machines. 

Currently, Pratt & Whitney Aircraft has 
career openings at all levels of experience 
for electrical engineers interested in ad- 
vancing generator and motor technology in 
the space environment and other unusual 
applications. 


These positions are now available: 
ELECTRICAL ENGINEERS: BS, MS, 
or PhD, at all levels of experience are re- 
quired for the following programs: de- 
sign and development of high speed AC 
or DC motors and generators; research 
and development of low and high tem- 
perature conductors, insulators and mag- 
netic materials. 

For the engineer seeking an ideal environ- 

ment, Hartford. located midway between 

Boston and New York, provides all types of 

cultural diversions and competitive sports. 

Year-round recreation abounds at both sea- 

shore and mountains—with swimming, hunt- 

ing, skiing, camping and fishing within easy 
reach. 


Please submit your resume, including minimum salary requirements, to: 
MR. P. R. SMITH, OFFICE 66 


All replies will be handled promptly and in complete confidence. 


PRATT & WHITNEY AIRCRAFT 


DIVISION OF UNITED AIRCRAFT CORPORATION 
EAST HARTFORD 8, CONNECTICUT 


All qualified applicants will receive consideration for employment without regard to race, creed, color or national origin. 











Challenge in Missilery for 


’ Electronics Engineers 


Now in the initial stage of a long range program in product engineering 
and program management for re-entry vehicles, components and GSE, 
Lycoming offers a broad spectrum of opportunities. 


Immediate assignments for qualified BSEE’s with experience in the following areas. 


Electronics Engineers 


@ Instrumentation, calibration, laboratory techniques, 
model fabrication. Knowledge of military equipment 
desired. 3 years’ experience. 

SHF & VHF antennae for missiles. Telemetry 
knowledge desired. 3 years’ experience. 


= ° « 
Sr. Project Engineer - Electronics 
Strong varied background in military electronics project 
direction in areas of missiles, GSE, design, 
manufacturing and test. 10 years’ experience. 


7 7 
Sr. Electronics Engineer 
@ Military electronics — design and development of 
missiles components such as antennae, telemetry 
circuits and UHF equipment. 5 years’ experience. 


Background in telemetry for military missiles. 
3 years’ experience. 

Field engineering on military GSE. Some 
design or manufacturing knowledge desired. 
Moderate travel. 5 years’ experience. Feedback control systems, transistor amplifiers, 
servo analysis and military electronics design. 


Electronic product engineering — must be . ‘ 
5 years’ experience. 


familiar with military designs, techniques, design 
change order procedures, proposals and 


‘ Background in automatic checkout equipment for 
Specifications. 2 years’ experience. 


military use. 5 years’ experience. 


Successful applicants will be working for Chester A. Sandner, Chief Electronic Engineer. 


at 
Lycomin 
STRATFORD, CONN. 


All qualified applicants will be considered regardless of race, creed, color or national origin. 


Division of 


AVCO 


Corporation 


Send complete resume including 
salary requirements to 
Mr. Harry A. Stone 
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Symposium on 
Research and 
Education 


Special Publication $-82 com- 
prises of four papers that were 
presented at the AIEE Winter 
General Meeting, New York, 
N. Y., February 2, 1956, and is 
sponsored by the AIEE Commit- 
tee on Research and Education. 
The papers deal mainly with the 
problems of the utilities and 
the industry in general in at- 
tracting young engineers into 
the field. 

The price is $1.60 ($0.80 to 
AIEE members). Available from: 


Order Department 


AMERICAN INSTITUTE OF 
ELECTRICAL ENGINEERS 


345 E. 47th St., 
New York, N. Y. 














Electrical 
Engineers 


Opportunities for research and 
development in areas of semi- 
conductors, plasmas, and ferro- 
magnetic materials. Experience 
and/or advanced degree de- 
sirable. For further information 
write, briefly stating your back- 


ground and experience, to 


Mr. J. T. Jarman 
Research Division 
Allis-Chalmers Manufacturing 
Company 
Milwaukee, Wisconsin 
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Potentiometers ... 


“Fairchild Single-Turn Wirewound 
Potentiometers,” a 6-page illustrated 
brochure describes the company’s line 
of linear, nonlinear and sine-cosine pre- 
cision potentiometers. The brochure 
contains performance data on Il 
models of the potentiometer line and 
an explanatory section which describes 
the special features of the line in de- 
tail. Also included are photographs, 
cutaway views and outline drawings of 
the units. Copies are available trom 
Fairchild Controls Corporation, 225 


Park Ave., Hicksville, L. 1., N. Y. 


Air Conditioner Fact File... 


The Airflow line contains four basic 
series of air-conditioning units: MAC 
Series, designed for use under severe 
operating conditions, engineered to 
conform with all military specification 
requirements; SAC Series, a less expen- 
sive version of the MAC Series; TRAC 
Series, mobile 2-wheel trailer-mounted 
air-conditioning units specially  de- 
signed for flexibility and easy trans- 
portation—trailers are built to ord- 
nance or commercial specifications; 
and APU Series designed particularly 
for aircraft use, extremely lightweight, 
engineered for operation on 400-cvcle 
or d-c electric systems. The Fact File 
will be sent free of charge by Airflow 
Company, 400 S. Stonestreet, Rock- 
ville, Md. 


Infrared Equipment .. . 


4 brochure describes new tech- 
niques which use fluid cooling, making 
possible very compact quartz lamp 
ovens and furnaces with extremely high 
heat transfer rates. Additional features 
claimed for this new equipment are 
precision control with no contamina- 
tion during processing. Almost any 
shape of equipment may be fabricated 
to meet nearly any requirement for 
high temperatures up to 3,000 F or for 
short cycles. Copy of the brochure 
available on request from Fostoria 
Corp., Dept. 102, 1200 N. Main St., 
Fostoria, Ohio. 


Subminiature Potentiometers .. . 


\ 2-page bulletin describes the com- 
pany’s 027 Series of subminiature slide 
wire trimming potentiometers and vari- 
able resistors. The bulletin includes 
basic circuit schematics and a cutaway 
view showing the structure of this se- 
ries. Electrical, environmental and me- 
chanical specifications are detailed, and 
a curve of temperature versus wattage 
is given. Write to Con-Elco Div., Ed- 
cliff Instruments 1711 So. Mountain 
Ave., Monrovia, Calif. 


Control & Torque Synchros ... 

To aid in the rapid and correct 
selection of size 11 400-cycle Thru-bore 
control and torque synchros for servo 
applications, the company’s new data 
sheet CS/TS-4-11-1 is now available. 
More than 25 typical characteristics 
are charted for transformers, trans- 
mitters, differential transmitters, and 
receiver transmitters. Schematic draw- 
ings, with dimensions, show body ter- 
minal block spline and other data. 
Wiring diagrams and terminal designa- 
tions are also included. All military 
units are engineered and manufactured 
to MIL-S-20708A_ specifications, others 
are of Vernitron standard design with 
windings and shafts modified to indi- 
vidual customer requirements. For 
copies write to Vernitron Corp., 125 
Old Country Rd., Carle Place, L.1., 
N.Y: 


Selenium Rectifiers . . . 

A new bulletin gives electrical and 
mechanical specifications of the com- 
pany’s full line of certified selenium 
cells and stacks, and of its cartridge- 
type selenium rectifiers in tabular form. 
Illustrated in color, bulletin 400 
includes cutaway drawings showing fea- 
tures of its selenium rectifiers contrib- 
uting to Syntron’s exclusive semicon- 
ductor certification and guarantee pol- 
icy. Details of the company’s vacuum 
vapor deposition process are revealed 
in the drawings, as well as construction 
features of a typical Syntron selenium 
stack assembly and its “selenium slim” 
cartridge rectifiers. Typical operating 
characteristics of the rectifiers are 
shown in curves displaying forward 
current rating levels and derating 
curves for raised ambient temperatures. 
Copies of the bulletin may be obtained 
by writing to the Semiconductor Divi- 
sion, Syntron Company, Homer City, 
Pa. 


Tenite Polypropylene Formulas... 

Electrical and physical properties 
of Tenite polypropylene formulas de- 
veloped for solid and cellular coatings 
of wire are described in Technical Re- 
port No. 7. The report, detailing 
typical extrusion conditions for both 
types of coating, also presents compre- 
hensive information, accompanied by 
diagrams, on techniques for applying 
the plastic material to wire and the 
equipment required. The high-dielec- 
tric strength of solid Tenite poly- 
propylene, which has excellent surface 
hardness and good resistance to abra- 
sion, permits the use of thin coatings 
and heightens the latitude for running 
multiple wires through conduits and 
jackets. The report is available on re- 
quest from the Plastics Div., Eastman 
Chemical Products, Inc., Kingsport, 
Tenn. 

(Continued on page 47A) 


ELECTRICAL ENGINEERING 





(Continued from page 416A) 


Steel Design... 


Four papers which discuss continu- 
ing advances in the strength levels, 
product forms, and design applications 
of constructional steels are printed in 
a 59-page brochure, “New Concepts in 
Steel Design and Engineering.” The 
papers describe and compare the types 
of steels that make up the modern 
“family” of constructional steels. Il 
lustrations and descriptions of many 
actual designs and design concepts 
show how these steels can be used in 
structures and equipment to achieve 
higher strength, lighter weight, and 
lower costs. For a free copy of the bro 
chure, write to: Market Development 
Div., U. 8. Steel Corp., 525 William 
Penn Place, Pittsburgh 30, Pa. 


Micrologic Elements ... 


This 2-color 8-page brochure an- 
nounces the first of a series of Micro- 
logic elements developed by the com 
pany. Now available is the Micrologic 
flip-flop, the first member of a family 
of six digital functional blocks which 
together can be used to build the com 
plete logic section of a digital com 
puter, The brochure describes applica 
tions and logic design with the Micro 
logic flip-flop in addition to providing 
diagrammatic drawings of the five other 
elements, all of which operate over the 
full military environment at bit rates 
above 1 mec. Fairchild Semiconductoy 
Corp., 545 Whisman Rd., Mountain 
View, Calif. 


D-C Power Supplies ... 


This catalog provides complete data 
on more than 150 standard models of 
the company’s line of regulated d- 
power supplies, including semiconduc- 
tor, vacuum tube, magnetic, and hy- 
brid designs. It features 32 pages in- 
cluding three design groups: “SM,” 
“HB,” “PR” models; separate listing 
and description of programmable cur- 
rent/voltage regulated models; special 
nomograph of voltage drop vs. wire 
size and supply current; dual index to 
all models both by design group and 
by output voltage. Kepco, Inc., 131-38 
Sanford Ave., Flushing 52, N. Y. 


Flexible Coaxial Cable Catalog... 


This 16-page catalog on HEeE.t1aAx, 
the flexible air-dielectric cable, de- 
scribes in detail the improved electrical 
and mechanical characteristics of HeE- 
LIAX and accessories now available in 
50, 75, and 100 ohms and in a range of 
sizes from 3% inch to 314 inches. For 
information write for Catalog H, An- 
drew Corporation, P.O. Box 807, Chi- 
cago 42, Ill. 





CUSTOM 
SHEET & PLATE 
FABRICATION 


It takes modern equipment plus craftsman- 
ship and know-how to produce fabrications 
such as the giant generator housing shown 
here—illustrative of Kirk & Blum’s ability 
to produce the unusual as well as the conven- 
tional types of weldments. In its 170,000 sq. 
ft. plant, with crane capacity to 25 tons, 
Kirk & Blum has complete facilities to pro- 
duce, preassemble and finish a wide variety 
of carbon steel, stainless, aluminum, monel 
and other alloys assemblies up to 14” thick- 
ness. Fifty years of exceptionally varied ex- 
perience is your added assurance that the 
job will be done quickly and economically. 

Send prints for prompt quotations or write 
for detailed literature: The Kirk & Blum Mfg. 
Co., 3204 Forrer St., Cincinnati 9, Ohio. 


ELECTRICAL ENCLOSURES AND HOUSINGS 
CONTROL PANELS AND DESKS 
BREECHINGS e STACKS e AIR AND GAS DUCTS 
CASINGS e LOUVERS e BINS e HOPPERS e CHUTES 
INSULATING JACKETING 
ALUMINUM AND ALLOY FABRICATION 


KIRK. Flum 


FABRICATION 
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Industrial Notes... 


General Precision Inc. 
Binghamton, N. Y.. . 


\ new and extremely accurate flight 
simulator, manufactured by the Link 
Division, General Precision, Inc., 
Binghamton, N. Y. and Palo Alto, 
Calif., has been accepted by the Navy 
to be used at the Moffett Field Naval 


\ir Station as a training device bor the 
Navy's F8U-2N Crusader Jet Aircraft. 
The Crusader Flight Simulator is ofh- 
cially called Device 2F72, the F8U-2N 
Weapons Systems Trainer. It is housed 
in two large specially designed trailers, 
one trailer contains the flight simula 
tion and the other the tactics simula- 

The ‘Trainer 


ilots with safe 


was developed to 
effective, and 
training in flight operations, 


ipplications emergency 


procedu und tactical procedures. 


This Weapons System Trainer makes 


possible the “flying” of entire simu- 
i 


ated missions 


Allis-Chalmers 
Milwaukee, Wis... 


Che company will build three Fran- 
cis-type hydraulic turbines with gov- 


ernors and pressure regulators and 


three umbrella-type synchronous gen 
erators with excitation systems and in 
iir housings for the Round 
Butte Hydroelectric 


the Portland General Electric Com 


doot ty pe 


Development o 


pany, Portland, Oreg. The turbines 
are guaranteed to develop 115,000 hp 
each at 180 rpm under a 315-foot head; 
when the head of water rises to a pre- 
dicted peak of 355 feet, they will each 
develop 140,000 hp Each unit will be 
set vertically in a field and shop 
welded plate steel spiral case measur- 
ing 12 feet 9 inches in diameter at the 
inlet. The generators, rated 91,500 kva, 
90°, power factor, 82,350 kw. 13,800 
volts, 180 rpm, will be installed in an 


enclosing air housing having a 40-foot 


o 
1p 


outside diameter. 


48A 


IBM 
New York... 


One of the most powerful com- 
puters in the world, the JBM 7090, 
comprising more than 17 tons of high- 
speed data processing equipment, spe- 
cially designed for scientific and engi- 
neering problems, has been sent to the 
Ispra Atomic Research Center at Lake 
Maggiore in Italy. It will be the focus 
of all the nuclear work being done by 
FURATOM, the Atomic 
Energy Community. One of the com- 


European 


puter’s most important functions will 
be to perform as an “electronic li- 
brary.” Scientists feel a great need for 
this, as every year well over a mil- 
lion technical journals are published 
throughout the world in a multitude of 
languages. Work on the computer will 
be concentrated not only on catalog 
ing this mountain of technical infor- 
mation, but also on actually translating 


the various publications. 


Thomas & Betts Co., Inc. 
Elizabeth, N. J... 


Electronically controlled digital 
volt meter plays vital role in special 
current cycling chamber at expanded 
research and development laboratories 
of the company where the performance 
of electrical and electronic connectors 
and fittings is determined. New instru 
ment makes test facility fully auto 
matic, eliminates former need for man- 
ual checking which is demonstrated 
here by laboratory technician using a 
hand pyrometer to record temperature 
of the connectors. The temperature of 
the connector and conductor, as well 
as the current in the test assembly, now 
can be automatically recorded, and 
transcribed to tape for later analysis. 
Actual test shown here compares pet 
formance of wrought aluminum with 


cast aluminum connectors. 


Intercontinental Electronics 
Westbury, N.Y... 


The company has delivered a com- 
plete scan conversion installation for 
air trafic use to the Federal Aviation 
Agency Radar Approach Control Fa- 
cility at Edwards Air Force Base, Calif. 
The equipment will be operated by the 


agency's Air Trafhe Service for the im 
portant Palmdale air traffic complex. 
Known as the INTEC scan conversion 
or radar bright display system it takes 
electrical information from radars in 
the Palmdale 
tronic form, and presents it as a bright, 


area, changes its elec- 


controllable television picture for use 
in air trafic control. 


Burroughs Corp. 
Detroit, Mich... 


The company has delivered to the 
U. S. Navy an ultraminiaturized elec- 
tronic 3-cubic-foot air-borne digital 
computing system which has the same 
computational ability as a convention- 
al room-size computer. Weighing less 
than 190 pounds, the system desig 
nated as the Burroughs D-202 may aiso 
be easily adapted as the central com- 
puter for a manned space vehicle or 
as an air-borne prelaunch computer 
for air-to-ground missiles. The high- 
employs silicon 


capacity computer 


transistorized circuitry, proven com- 
ponents, and an advanced design and 
packaging technique to assure high 
reliability under extreme environ- 
mental conditions, both for present 
and future needs. High packaging 
density is achieved through the use of 
rugged, replaceable circuit 
called averaging 19 
electronic components encapsulated in 


modules, 
“Logi-Mods,” 


a volume of 14 cubic inch. Extensive 
input-output equipment, housed sep- 
arately to simplify modification for 
other applications, enhances the sys- 
tem’s versatility. 


(Continued on page 49A) 
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Franklin Institute 
Philadelphia, Pa. . . 


Officials of The Franklin Institute 
Laboratories for Research and Devel- 
opment have announced the creation 
of an Aerospace Laboratory. The new 
laboratory, part of the organization's 
mechanical and nuclear engineering di- 
vision, will be responsible for engineer- 
ing projects dealing with air and space 
vehicles, and with simulators and other 
special research equipment needed in 
the nation’s space program. As man- 
ager of the Aerospace Laboratory, 
Klaus L. Cappel will head a staff of 
mechanical engineers and designers 
which will be augmented as needed 
from the staff of 300 physicists, chem 
ists, mathematicians, and electronics 
specialists working in other Institute 
laboratories. The new laboratory will 
continue work on two of the Institute's 
current space programs; design of a 
satellite, and design and construction 
of a new simulator for testing human 
tolerance of certain types of accelera- 
tion. 


Midwest Research Institute 
Kansas City, Mo... 


\ center for the study of develop- 
ments in germanium technology and 
for the encouragement of germanium 
research, has been organized at Mid 
west Research Institute. To be known 
is the Germanium Information Center, 
the activity is unique in this country. 
Its formation is being sponsored by 
the Germanium Research Committee, 
which includes representatives of sey 
eral U.S. and foreign mining corpora 
tions. The sponsors include American 
Zinc Lead and Smelting Company of 
St. Louis, Mo.; the Eagle-Pitcher Com- 
pany of Cincinnati, Ohio; Societe de la 
Vieille Montagne of Angleur, Belgium; 
Tsumeb Corporation, Ltd., of New 
York; and Union Miniere du Haut- 
Katanga of Brussels, Belgium. 


Dunn Engineering Corporation 
Cambridge, Mass... 


The company, manufacturer of 
electronic systems and inertial guidance 
and other missile test instruments, has 
established a digital systems department 
to develop advanced digital techniques 
for checkout of guidance equipment 
and in automatic control of industrial 
processes. The new department will de- 
velop systems for the company’s own 
instruments, used in precision testing 
of gyroscopes, accelerometers and other 
sophisticated electronic equipment 
such as is found in the inertial guid- 
ance systems of space vehicles and mis- 
siles. 

(Continued on page 50A) 





GLENN PACIFIC 
INDUSTRIAL POWER SUPPLIES 


HERE’S HOW...with a GLENN PACIFIC power 
supply, you can convert your existing single, 
two or three-phase ac line power into: 


@ Any desired voltage—fixed or contin 
uously variable. 


@ AC or de output. 


@ Any volt-ampere curve characteristic— 
constant current, constant voltage, or 
reactive to any degree you want. 


LINE COMPENSATION VOLTAGE 
REGULATOR for radar station ac- 
cepts 3-phase, 208v + 10%, deliv- 
ers 3-phase 208v +1% at 300 
amp., with non-distorted sine wave 
at all settings. Rated at 108 kw, 
100% duty cycle, convection 
cooled. 


ELECTROLYTIC CAPACITOR FORM- 
ING power supply provides con- 
tinuously-variable dc output from 


0 to 415 volts, 300 amperes. Input = VARIABLE VOLTAGE transformer 
is 230/460 v 3 phase. Other units oo : a _ laboratory power supply 
available with 0-250 v output. Z ; delivers 0 to 460 v ac at 200 


Many of these GLENN PACIFIC ‘ . 
units are used by leading capac- ee = 508/230" a riers 9 
itor manufacturers. = . ; 


WHAT’S YOUR PROBLEM? Need a dc source for motor drive and speed 
control—for powering laboratory or production line dc magnets, instruments, 
test stands—for electroplating, electrolytic refining, etching, de-tinning? You'll be 
hours and dollars ahead to contact GLENN PAciFIc; please address Dept. 135. 


GLENN PACIFIC CORPORATION 


INDUSTRIAL POWER SUPPLIES 
703 - 37th AVENUE * OAKLAND 1, CALIFORNIA 





EASTERN OFFICE MID-WESTERN OFFICE 
615 Riverwood Ave., Point Pleasant, N. J. 640 South York Elmhurst, Illinois 


SEPTEMBER 1961 Please mention ELECTRICAL ENGINEERING when writing to awvertlisers 494A 





ELECTRICAL ENGINEERING 


United Engineers & Constructors 
Inc. has attractive openings for Elec- 
trical Engineers in the fields of power 


and heavy industrial facilities. 


B.S. in E.E. required with two to 


six years experience in industry. 


Full 
opportunity for advancement. Moving 


Philadelphia 


benefits, professional status, 


expenses to location. 


Send complete resume to A. C. 


Eckerman. 


UNITED ENGINEERS 
& Constructors Inc. 


112 N. Broad Street 
Philadelphia 5, Pa. 


PITITITITITITITITITITITITITITI Tt 


PITTTITITITINITI II 











LIGHTNING 
REFERENCE 


BIBLIOGRAPHY 
1936-1949 


Prepared by the AIEE Light- 
ning and Insulator Subcom- 
mittee, this bibliography. 
S-37, contains 754 separate 
references on lightning and 
related topics published from 
January 1, 1936, to December 
31, 1949, in most of the better 
known English, French, and 
German journals on electri- 
cal engineering or physics. 


For easy reference, there is 
a Subject Section, subdivided 
into 18 classifications, and an 
Author Section, which con- 
tains a list of about 550 au- 
thors. Price: $0.70 ($0.35 to 
AIEE members). 


Available from the Order 
Department, AMERICAN IN- 
STITUTE OF ELECTRICAL 
ENGINEERS, 345 E. 47th St., 
New York, N.Y. 
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General Electric Company 
Schenectady, N.Y... 


The Western Massachusetts Electric 
installed control 
equipment providing remote-controlled 


Company has new 


power transmission to the entire Pitts- 


1 


field, Mass., area, as the first applica- 
tion of this equipment in the utility 
this transistor- 
a plug-in 
logic element, which centrally controls 


industry. The brain of 


ized supervisory system is 
the distribution of electricity to con- 


sumers served by three remote power 


stations in the western Massachusetts 
area. It power for 
General Electric’s project Extra-High- 
Voltage in this area. The equipment 
manufactured by the Medium 
Voltage Department in 


also controls the 


was 
Switchgear 
Philadelphia. 


Tenney Engineering 
Union, N. J... 


Moving into the field of industrial 
process controls, this company has de- 
veloped a line of precisely regulated 
variable-speed drives featuring a unique 
electronic control. The drives, in both 
standard and custom-built models, have 
wide application in almost any industry 
where a rotating system is employed 
whose speed must be controlled. The 
standard line offers 0.5 to 2% regula- 
tion of set speed. Custom drives are 
available with regulation as precise as 


0.1%. 


Vitro Services 
New York, N.Y... 


Vitro Weapons Services has changed 
its name to Vitro Services. The com- 


pany installation, 


is engaged in the 
maintenance and operation of precision 
equipment and instrumentation. Tech- 
nical activities include microwave 
links for railroads, 
pipelines and others; electronic com- 
puters, special telephone systems and 


environmental facilities with particu- 


communication 


lar emphasis on test-range instrumen- 
tation for missiles and space probes. 


Industrial Notes 


Ampex Corporation 
Redwood City, Calif. .. 


This company has been awarded a 
$1,436,769.00 Navy Bureau of Ships 
contract for the production of 314 2- 
channel, 3-speed magnetic tape record- 
S. Navy. 
AN/UNQ-7B, the 


device 


er/reproducers for the U. 
Designated — the 
transistorized is designed for 
continuous heavy-duty 
both surface and undersea craft, and 


is especially well suited for measuring 


operation in 


structure-borne noise and vibration in 
MIL-STD-740. The 
AN/UNQ-7B consists of two units, a 
recorder/reproducer, which 
simultaneous recording and _ playback 
on both channels, and a 


conformance with 
provides 


remote con- 
trol unit capable of completely con- 
trolling all operational modes of the 
recorder/reproducer. \4-inch 
tape on 7-inch reels, tape speeds of 
either 3-44, 7-14, 


Using 


or 15 inches per sec- 


ond (ips) are available while record- 


ing and reproducing, with frequency 
response not varying more than 2 db 
over a frequency range of 50 to 20,000 
cycles per second (cps) at 15 ips, 50 to 
10,000 cps at 7-14 ips, and 50 to 5,000 


cps at 3-34 ips. 


Hughes Aircraft Co. 
Culver City, Calif. .. 


The 
tract 
rials and _ self-cooling techniques for 
missile exhaust nozzles that may make 
it possible to operate rocket engines 
at extreme temperatures of 10,000 F. 
The work will be done under a $124,- 
000 contract from the Air Force’s Aero- 
Systems The new 
intended for advanced 
rocket motors and will be used to line 
the critical throat 
trance and exit sections of 


company has received a con- 


to develop new plastic mate- 


nautical Division. 


plastics are 
area and the en- 
the nozzle. 
The new compound will be polymeric 
and composite (ceramic and refractory 
plus plastic) and will be formulated to 


resist highly erosive and chemically re- 
active exhaust of advanced propellants. 
The plastics are expected to resist sonic 
and supersonic rocket exhaust veloci- 
ties for periods of several minutes and 
to result in higher performance propul- 
sion systems for aerospace craft. 
(Continued on page 51A) 
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General Instrument Corp. 
Newark, N. J... 


Expanding into a new area of elec- 
tronic materials development, the cor- 
poration has established a special Ferro- 
Electric Ceramic Department at_ its 
Newark, N. J., headquarters plant and, 
using its own newly developed proc- 
esses, has begun production of ad- 
vanced types of piezo-electric ceramic 
materials and components for use in 
military and _ industrial — electronic 
equipment. New products already de- 
veloped include: ceramic semiconduc- 
tors, which produce a_ thermoelectric 
effect; piezo-electric ceramics for trans- 
ducers used in military underwater 
sound-detection systems and utrasonic 
cleaning; ceramic filter elements, which 
“filter out” unwanted frequencies in 
radar and communications systems; 
thermistors, or “heat switches” for tem- 
perature measurement; and a_ wide 
range of other piezo-electric ceramic 
devices for electronic instrumentation. 


TRW Computers Co. 
Los Angeles, Calif. . . 


The company will supply the Ten- 
nessee Valley Authority with two digi- 
tal computers to control its Paradise 
Station units | and 2 near Drakesboro, 
Ky. The system will automatically con- 
trol the turbine generators, sequence 
monitor the steam generators, and se- 
quence cold start, hot restart, normal 
shutdown, or emergency shutdown of 
the units. In addition, the system will 
perform sensor scanning and alarm 
monitoring, data logging, trend re- 
cording and performance calculations. 
The two units will produce a total of 
1,300,000 kw of power, and will be the 
largest power-generating installations 
in the United States. The first unit is 
scheduled to begin operations in the 
fall of 1962, the second for mid-1963. 


Datex Corp. 
Monrovia, Calif. . 


\ digital data system that will read 
out and visually display angular dis- 
placement of the three axes of a direc- 
tion-finding antenna to high accuracy 
is under construction by the company. 
The system, to be used by the Air Force 
in Alaska, is being built under a 
$22,000 subcontract from the Philco 
Corporation. ‘1ne equipment will be 
capable of satisfactory operation over 
the ambient temperature range of —7 
to +43 C and in relative humidity in 
excess of 98%. The system will be ac- 
curate to +0.01 degree of actual azi- 
muth axis position, and +0.015 degree 
of actual declination and traverse axes 
positions 


(Continued on page 53A) 
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Control 
and 
Instrumentation 
Engineers 


A key research and development program is now underway 
at Atomics International to design long-life, compact, light- 
weight nuclear reactors that will provide auxiliary power 
systems for space applications. Many interesting problems 
exist to challenge electrical engineers who want to relate 
their present experience to reactor technology in any of the 
following areas: 


FLIGHT INSTRUMENTATION DESIGN 

Electrical control system design and/or aircraft or missile 
flight instrumentation design. Will establish flight instru- 
mentation requirements, block diagrams for flight and test 
systems, preliminary specifications for each instrument or 
subsystem. 


TELEMETRY 


Responsible engineers to analyze, plan and specify the telem- 
etry required to ascertain the performance of nuclear 
power plants during space tests. The individuals must have 
experience in missile instrumentation and telemetry of tem- 
perature, vibration, acceleration, etc. BS or MSEE preferred. 


CONTROL ANALYSIS 


Dynamic and control analysis including system start-up and 
full power operation. BS or MSEE plus familiarity with 
latest analog and digital techniques required. 


CIRCUIT DESIGN 


Electronics engineers experienced with both vacuum tube 
and magnetic devices to design and develop control circuits 
for compact nuclear power plants. 


All qualified applicants will receive consideration for employment without 
regard to race, creed, color, or national origin. 


For specific details write: Mr. E. J Newton, Personnel 
Office, Atomics International, 8900 DeSoto Avenue, 
Canoga Park, California. 


ATOMICS INTERNATIONAL 


DIVISION OF NORTH AMERICAN AVIATION 
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Application of 
Incremental 
Heat Rates for 





Economic 
Dispatch of 
Power 
(July 1958) 


This 52-page report summarizes 
the activities of the Working 
Group on Application of Incre- 
mental Heat Rates for Economic 
Dispatch of Power since it was 
organized in April 1956. 


Included are six papers and a 
summary of round table discus- 
sions, valuable to the power in- 
dustry. presented at the AIEE 
Fall General Meeting. October 
10, 1957, in Chicago, Ill. 


The price for publication $-104 
is $3.00. Send to: 








Order Department 


AMERICAN INSTITUTE OF ELECTRICAL ENGINEERS 
345 E. 47th St. @ New York, N. Y. 
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American Electric Power 
New York, N.Y... 


Recently completed tests, jointly 
conducted by American Electric Power 
Service Corporation and S.&C. Electric 
Company, demonstrated the ability of 
S.&C. type G circuit switchers to inter- 
rupt fault currents within 514 cycles, 
de-energize 125 miles of 138-kv line 
without restriking, and interrupt 130 
mva in a 138-kv loop circuit without 
causing incorrect operation of carrier 
ground relays. The “circuit switcher” 
superficially resembles an _ ordinary 
gang-operated airbreak disconnect but 
has totally enclosed interrupters which 
operate integrally with the disconnect 
blades. Double gap type G interrupter 
units were used for line dropping and 
loop switching tests; single gap type 
for fault tests. All tests were conducted 
on the effectively grounded 138-kv sys- 
tem connected to Clinch River Plant 
of Appalachian Power Company. 


Sola Electric Co, 
Elk Grove Village, Ill... 


A custom-built power supply for 
Varian Associates that supplies regu- 
lated voltage to a Rubidium Vapor 
Frequency Standard or “atomic clock” 
has been built by the company. Uses 
for this instrument will be in synchro- 
nized time and frequency-control ap- 
plications such as satellite tracking net- 
works, navigational systems, and com- 
munication systems. The Sola constant 
voltage power supply will be used to 
operate the clock, which is equipped 
with a nickel-cadmium storage battery 
as a stand-by power source. The CV 
supply will normally provide all cur- 
rent required by the clock and in ad- 
dition, supply a trickle charge to the 
battery. The supply is capable of con- 
tinuous duty for several years. 


Continental Electronics Mfg. Co. 
Dallas, Texas... 


The company has received a con- 
tract to build a power supply for the 
Argonne National Laboratory's 12.5- 
billion-electron-volt synchro- 
tron. The laboratory is operated for 
the Atomic Energy Commission by the 
University of Chicago. One of the 
world’s most powerful nuclear research 
devices, the proton synchrotron will 
enable scientists to experiment with 
known atomic phenomena and to dis- 
cover new phenomena occurring when 
high energy protons collide with other 
protons at rest. These collisions usually 
result in the production of rare, short- 
lived particles—some with a life span 
of 1/10,000th of a millionth of a sec- 
ond. 


prot mn 
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CLASSIFIED ADVERTISING 





Regular classified adverti ts set lid 
display—minimum 5 lines: $3.00 per line. No 
agency commission or cash discount allowed 
Situation Wonted classified advertising for AIEE 
members: $2.00 per line, minimum 5 lines. Ad- 
dress orders to: Classified Section, ELECTRICAL 
ENGINEERING, 11th floor, 345 E. 47th St., New 
York 17, N. Y. 


When answering an advertisement, send all re- 
plies to box number specified, c/o ELECTRICAL 
ENGINEERING, l1th floor, 345 E. 47th St., New 
York 17, N. Y. 











POSITIONS OPEN 


INSTRUCTORS, Associates, Assistants for teach- 
ing and research part-time position while work- 
ing for M.S. and D.Sc. Large graduate program 
assures variety of offerings. Chairman, Electrical 
Engineering Department, University of New 
Mexico, Albuquerque, New Mexico. 


DEPARTMENT HEAD. Head professor for 12- 
man E. E. department. Excellent opportunity 
for energetic and progressive Ph.D. with experi 
ence and potential to build, administer, and 
participate in a balanced program of teaching, 
research, and extension. Box 145 


ELECTRICAI ENGINEER Central Illinois 
utility has opening in substation design, trans- 
mission design and communications for engineer 
with a degree. Previous experience in these fields 
desirable. Salary up to $9,000. Send resume of 
education and experience to Box 146. 


FRANSFORMER ENGINEER. With experience 
in the design and development of Hi-Frequency 
and Pulse Transformers for commercial and mili- 
tary applications. Ideal opportunity for ambi- 
tious man to develop full potential of present 
small department. Salary—open. Location—Erie, 
Penna. Call or send resume to: Chief Engineer 
Erie Electronics Division, Erie Resistor Corpora 
tion, 645 West 12th Street, Erie, Penna., Gl 
6-8592 


IMMEDIATE OPENING FOR STAFF ENGI 


NEER. Position with International Electrical 
Trade Association located in Midwest. Work en- 
tails minor electric motor design, writing of 
short articles, public speaking, approximately 
15% travel and general consulting for repair of 
electric motors and generators. Prefer experi- 
enced man with degree in electrical engineering. 
Salary open. Send resume to: Box 150 


UTILITIES ENGINEER. The City of Lakeland, 
Florida, Department of Electric and Water Utili 
ties, is accepting applications for position of 
Utilities Engineer. Applicants must have degree 
in electrical engineering; registered or capable of 
being registered in State of Florida. At least five 
years experience in supervisory or technical staff 
responsibilities in private or public utility plant 
At least ten years experience in engineering ca- 
pacities of design and programming nature. Ex- 
cellent opportunity. Excellent opportunity. Sal- 
ary $10,000 to $12,000. Retirement, leave and in 
surance benefits. Contact Emory E. Walker, Per- 
sonnel Director, Civil Service Office, City Hall, 
Lakeland, Florida, or C. D. McIntosh, Jr., Direc 
tor of Department of Electric and Water Utili- 
ties, City Hall, Lakeland, Florida. 


INDUSTRIAL ENGINEER. The City of Lake- 
land, Florida, Department of Electric and Water 
Utilities, is accepting applications for position of 
Industrial Engineer. Applicants must have de- 
gree in mechanical, electrical or industrial en- 
gineering with at least five years supervisory or 
staff experience in public or private utility 
plant. Approximately ten years experience in va- 
rious phases of industrial engineering. Excellent 
opportunity. Salary $10,000 to $12,000. Retire- 
ment, leave and insurance benefits. Contact 
Emory E. Walker, Personnel Director, Civil Serv- 
ice Office, City Hall, Lakeland, Florida, or C. D. 
McIntosh, Jr., Director of Department of Elec 
tric and Water Utilities, City Hall, Lakeland, 
Florida. 


ELECTRICAL ENGINEER FOR DESIGN of 
rotating electrical machinery with experience on 
AC and/or DC motors and generators. Know!l- 
edge of regulators and electronics desirable. Send 
resume of education and experience to Personnel 
Department, Electric Specialty Company, 211 
South Street, Stamford, Connecticut. 


POSITIONS WANTED 


ENGINEERING POSITION IN EUROPE. 
Electrical Engineer, age 39, ten years’ experience 
in development, application, sales and service of 
control equipment application, sales and service 
of control equipment in U. S., plus five years 
in Europe, fluent German, French. Wide ac- 
quaintance with European industry. Salary open 
Box 149. 


M.S.E.E., 38, 12 years design, test and develop- 
ment experience in rotating machine field, in- 
cluding D.C., synchronous and induction machin- 
ery, P.M. generators, 400 cy. Power Supplies, 
single and polyphase, etc. Supervising experience 
and ability, fluent German. Box 151 


YOUNG EXECUTIVE E. E. Chief of Engineer- 
ing, R&D, in Electro-Mechanical Control Fields 
plus Sales, Manufacturing, Management & For- 
eign seeks growth position HOME or OVER- 
SEAS. Box 152 


SENIOR ELECTRICAL ENGINEER, 43, BEE, 
15 years diversified experience, domestic and 
foreign, planning, design and studies of trans- 
mission, substation, distribution and utilization 
systems. Desires foreign assignment with family. 
Available for interview New York, January 1962. 
Box No. 153 





SYMPOSIUM 
on 
ELECTRICAL 
PROPERTIES of 
SEMICONDUCTORS 
and the TRANSISTOR 


A series of four articles, compilations 
of papers originally presented at a 
symposium on electrical properties 
of semiconductors and the transistor, 
held during the AIEE Summer Gen- 
eral Meeting, Swampscott, Mass., 
June 1949. Sponsored by the Sub- 
committee on Electrical Properties 
of Solids and Liquids of the AIEE 
Committee on Basic Sciences. 


It is hoped that this pamphlet (S-36, 
January 1950) will prove useful not 
only to the practicing engineer and 
teacher. but also to engineering 
students as an introduction to this 
field of electrical engineering. 


Price is $0.50 ($0.25 to AIEE mem- 
bers). Send orders to: Order De- 
partment, AMERICAN INSTITUTE 
OF ELECTRICAL ENGINEERS, 345 
E. 47th St.. New York, N.Y. 
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Completely Revised, October 1956 Issue 
Electric Power Distribution 


for Industrial Plants 
(RED BOOK) 


No. 952 


The purpose of this publication is to bring to the attention of engineers, owners, and plant man- 
agement the important features of well-designed electric distribution systems that result in satis- 
factory performance of utilization equipment and efficient operation of the plant; it covers the 
features of the electric distribution systems which are applicable to most types and sizes of indus- 
trial plants. It sets forth the elements of the distribution system both as to what to do to accomplish 
desired results and the reasons for them. It does not explain in detail how to accomplish the final 
results. 

Basic information is included to determine the approximate load requirements of industrial plants, 
the type of distribution system, the distribution voltages, and voltage regulation, as well as informa- 
tion to assist the engineer in the selection of transformers, circuit breakers, relays, meters, fuses, 
cables, bus, and miscellaneous equipment needed in the design of an adequate electric distribution 
system for present and future load conditions. Operating and maintenance problems are dealt with 
only in so far as they affect system and equipment selection. Basic information is included to deter- 
mine load requirements, type of system, and voltages. Data are included to assist selecting trans- 
formers, circuit breakers, relays, meters, fuses, conductor, and miscellaneous equipment for present 
and future loads. 

$6.00 per copy (50 per cent discount to AIEE members); 172 pages 





Companion Publication (Also October 1956) 
Grounding of 


Industrial Power Systems 
No. 953 


This publication covers the problems of system grounding, connecting the frames and enclosures 
of electric apparatus to a ground system, the problems of static, the methods of protecting struc- 
tures against the effects of lightning, and the problems of obtaining a low resistance connection to 
the earth. 

The popular name “Green Book” now applies to this new publication rather than to Interior Wir- 
ing Design for Commercial Buildings as before. The latter publication is out of print pending revi- 
sion and when the new edition is available it will be known as the “Gray Book.” 

$2.20 per copy (50 per cent discount to AIEE members); 40 pages 


DETACH 


This is an order from: (Please print) 


AMERICAN INSTITUTE OF 
ELECTRICAL ENGINEERS 
345 E. 47th ST., 

NEW YORK, N. Y. 
Address 


Member 
| Nonmember 


Remittance of $ is enclosed for the publication(s) checked below. 


952 Electric Power Distribution for Industrial Plants ie: 


953 Grounding of Industrial Power Systems (CONTENTS—PRINTED MATTER) 


POSTMASTER: This parcel may be opened for Postal Inspection if neces- 
sary. Return postage guaranteed. 


Type or print on return mailing label —»> 
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McCoy Electronics Co., Mount Holly Springs, Pa. uses the G-R 1130-A Counter to 

measure the temperature stability of crystals in production testing. The crystal is _ 
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G-R COUNTER RUNS 4100 HOURS* WITHOUT DOWNTIME 


... and still going strong! 


A G-R 1130-A Counter at McCoy Electronics Company has been in continuous service for 
4157 hours without replacement, adjustment, or maintenance of any kind! This is not an 


isolated instance — similar records are being run up daily by other G-R Counters in service. 


THIS RECORD OF RELIABILITY IS NOT SURPRISING: 

This instrument uses a simplified decade code not found in any 
other counter. Unreliable multiple feedback loops required by other 
codes have been completely avoided. This counter will not ‘‘go soft’’ 
or give erroneous readings without warning. 

The Counter’s circuits have been designed to operate properly 
under the worst possible combination of cumulative tolerances im- 
posed by tubes, component values and voltage levels. In fact, this 
Counter will perform properly even when its tubes approach the half- 
dead state. 

The Counter uses proven “hard bottoming” multivibrator dividers 
for exceptional stability, eliminating periodic adjustments of time- 
base circuits. 

There are many, many other built-in reasons that make the G-R 
1130 Digital Time and Frequency Meter the most reliable Counter 
ever built. For a complete description of this remarkable new instru- 
ment write for our Counter Bulletin. 


*As of August 3, 1961 


SPECIFICATIONS 


Display: 8 digits intermittent; 4 digits continuous 
readout (previous count displayed continuously 
during counting interval; changes to new value 
when count is completed). 


Measurement Ranges: 
Frequency: dc to 10 Mc 
Period: 10usec to 10’ sec 
Time Interval: lusec to 10’ sec 
Also measures 10 periods, frequency ratios, 
phase shifts, pulse characteristics, and 
counts random events. 


Sensitivity: 0.25v rms 


Accuracy: +1 count + time-base stability. A 
variety of time-base generators are available 
with short-term stabilities ranging from 1 part 
in 108/min to 1 part in 109/min. 

Price: From $2,585 to $2,950 depending on 
time-base generator desired. 


Accessories Available: Digital-to-Analog Converter, 
Data Printer. Frequency Converter to extend 
measurements to 500 Mc under development. 


GENERAL RADIO COMPANY 


WEST CONCORD, MASSACHUSETTS 


LOS ANGELES IN CANADA 
Los Angeles Toronto 
HOllywood 9-6201 CHerry 6-2171 


NEW YORK, WOrth 4-2722 


District Office in Ridgefield, N. J. 
Whitney 3-3140 


CHICAGO PHILADELPHIA WASHINGTON, D.C. SAN FRANCISCO 
Abington Silver Spring Los Altos 


Ook Park 
Village 8-9400 HAncock 4-7419 JUniper 5-1088 Whitecliff 8-8233 
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SHAWMUT’S ALL NEW 
ONE-TIME — The fuse that makes 
all other One-Times obsolete. Pro- 
vides modern protection for either 
old or new power circuits. Ask for 
Bulletin O-T 601. 





THIS 
NEW SHAWMUT “FIRST” 
IS THE 
IN SINCE 1900. 
WRITE FOR DETAILS 


























